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Abstract 

Multidrug-resistance is a global health concern and in bacteria it may be conferred by the 

acquisition of multiple-drug resistance genes and/or by the action of multidrug-efflux pumps. 

The current study targeted these processes as a means to combat the spread of multidrug 

resistance genes among bacteria, and reinstate the efficacy of antibiotics against efflux-

mediated drug-resistant strains. Our aim was therefore to isolate and characterise natural 

products that function by either inhibiting bacterial conjugation and/or by potentiating 

antibiotic activity against efflux-related multidrug-resistant (MDR) strains.  

Selected medicinal plants, some of which have antibacterial properties (Amoracia rusticana, 

Borago officinalis, Brassica oleracea, Lepidium sativum, Myristica Iowiana, Sinapis alba, 

Uncaria tomentosa and Zingiber officinale) were extracted with solvents of increasing 

polarity. The extracts were then screened against Escherichia coli conjugation pairs of 

donors (pKM101, IncN; TP114, IncI2; pUB307, IncP; and R7K, IncW), and recipients 

(ER1793 and JM109), and Staphylococcus aureus strains expressing distinct efflux-related 

multidrug-resistance pumps; SA-1199B (NorA) and XU212 (TetK). The active extracts were 

further fractionated using various chromatographic techniques (Thin Layer Chromatography, 

Solid Phase Extraction, Vacuum Liquid Chromatography, Column Chromatography and High 

Performance Liquid Chromatography). The compounds, which were isolated from the 

bioactive fractions, were then characterized by the use of spectroscopic techniques (NMR, 

MS, IR and UV) and re-assessed for anti-conjugation and antibiotic potentiation activity.  

The isolated glucosinolates from the Brassica plants showed moderate activity (10 - 50% 

reduction) against the conjugal transfer of the tested plasmids while the isothiocyanates, 

which are degradation products of the glucosinolates, showed better broad-range anti-

conjugal activity. An amide, isolated from M. lowiana, showed significant anti-conjugal 

inhibitory activity (16.7 ± 2.0%) against the R7K plasmid. Its anti-conjugal activity was 

plasmid specific and non-toxic to human dermal fibroblasts, adult cells.  In addition, a 

gingerol compound isolated from Z. officinale, the isolated amide from M. lowiana, and 
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benzyl isothiocyanate, significantly potentiated the activity of norfloxacin and tetracycline 

against SA-1199B (NorA) and XU212 (TetK), respectively. Their potentiation activity ranged 

from 2 to 512-fold.  

In conclusion, the study identified natural product inhibitors of the type-IV secretion-related 

processes and efflux pump systems. Compounds with such anti-conjugative and antibiotic 

potentiation activity could help decrease the spread of multidrug resistance genes via 

conjugation and prolonging the efficacy of existing antibiotics.  
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Chapter 1  Introduction 

1.1 Background  

One would expect that with the large number of available antibiotics, the fight against 

infectious diseases would be a thing of the past. Unfortunately that is not what we see in our 

world today; rather there is a continual rise of antibiotic-resistant infections and a decline in 

the development of new antimicrobials to curb this public health issue (Spellberg et al., 2008; 

Boucher et al., 2009; CDC, 2013). What makes this alarming is the rise of multidrug-resistant 

(MDR) strains for almost all pathogenic bacteria in our hospitals and communities, a clear 

indication that bacteria have evolved (Levy and Marshall, 2004; CDC, 2013). Notable 

examples of such evolved bacteria include MDR strains of Acinetobacter baumanii, 

Enterococcus faecalis, Enterococcus faecium, Escherichia coli, Klebsiella pneumoniae, 

Mycobacterium tuberculosis, Neisseria gonorrhoeae, Pseudomonas aeruginosa, and 

Staphylococcus aureus (Levy and Marshall, 2004; WHO, 2011; CDC, 2013).  

In 2013, the Center for Disease Control and Prevention (CDC) released an epidemiological 

report which showed that more than 2 million people acquire antibiotic-resistant infections 

each year in the United States,  and  23,000 of them die because the existing antibiotics are 

no longer effective against these infections (CDC, 2013). In Europe, antibiotic-resistant 

bacteria are estimated to cause 25,000 deaths each year (WHO, 2015). Although reliable 

estimates of deaths caused by antibiotic-resistant bacteria in the developing world are not 

available (Gelbrand et al., 2015), it has been predicted that by the year 2050, 300 million 

lives will be lost to antimicrobial-resistant infections if nothing is done about this public health 

issue (O'Neill, 2014). These facts show the gravity of antibiotic resistance in our world today 

and the urgent need for new classes of antibiotics with new modes of actions or new 

strategies to combat bacteria and drug resistance.  
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1.2 Antibiotic resistance 

Antibiotic resistance is defined by World Health Organisation (WHO) as the ability of 

microorganisms to withstand the therapeutic effect of antibiotics to which they were originally 

susceptible (WHO, 2015). Bacteria acquire resistance genes through genetic mechanisms 

and achieve resistance through biochemical mechanisms. The genetic mechanisms include 

spontaneous mutation and acquisition of new DNA through horizontal gene transfer 

mechanism (Tenover, 2006). The biochemical mechanisms include antibiotic inactivation, 

decreased drug accessibility, alteration of antibiotic target, metabolic bypass and 

development of tolerance (Mcmanus, 1997).    

Pathogenic bacteria are classified as multidrug-resistant when they are able to withstand the 

therapeutic effect of at least one agent in three or more antimicrobial classes, despite their 

earlier sensitivity to them (Magiorakos et al., 2012). This type of resistance is generated by   

“the accumulation of multiple resistant genes on mobile genetic elements such as plasmids 

or transposons within a cell and/ or by the increased expression of genes that encode for 

multidrug-efflux pumps” (Nikaido, 2009). Although MDR is a natural phenomenon, its 

increased prevalence is due to the inappropriate use of antibiotics both in the clinical and 

agricultural sectors, and the use of antibacterial cleaning agents in our homes (Levy, 2002). 

The inappropriate use of antibiotics contributes to selective inhibition of susceptible 

microorganisms and the selection of resistant strains bearing antibiotic resistant genes and 

this is the major cause of today’s antibiotic resistance crisis (Levy and Marshall, 2004). 

 

1.3 Genetic mechanisms of resistance 

Genetic mechanisms of bacterial resistance may be classified into two groups, intrinsic or 

acquired resistance. Intrinsic resistance is bestowed in bacteria by innate genes found on 

their chromosome (Alekshun and Levy, 2007). It is a stable genetic property, which is shared 

by all members of the genus (Mcmanus, 1997). Notable examples are chromosomal AmpC 
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β-lactamase genes of Gram-negative bacteria and the many multidrug-resistant efflux 

systems (Jacoby and Munoz-Price, 2005). 

Acquired resistance involves mutational changes in the bacterial DNA and/ or the acquisition 

of resistance genes borne on genetic elements, which are mobile such as plasmids, 

bacteriophages and transposons (Alekshun and Levy, 2007). This type of resistance results 

in the bacteria expressing new phenotypic features such as resistance to antibiotics, to 

which they were originally sensitive (Mcmanus, 1997). The resistance acquired through 

mutations is less frequent as there are cellular mechanisms to repair chromosomal changes 

(Shafran, 1990). Examples of resistance acquired through mutations include fluoroquinolone 

resistance resulting from mutations within the drug’s targets, DNA gyrase and topoisomerase 

IV (Hooper, 2000), rifampicin resistance through a point mutation in the rifampicin-binding 

region of RpoB (β subunit of RNA polymerase) in Mycobacterium tuberculosis (Sharma and 

Mohan, 2006) and tetracycline resistance through a point mutation in the 16S rRNA operon 

of Propionibacterium acnes (Ross et al., 1998) and Helicobacter pylori (Gerrits et al., 2002). 

Bacteria acquire resistance genes through the horizontal gene transfer mechanisms such as 

conjugation, transduction and transformation (Amabile-Cuevas, 2013). In conjugation, 

resistance genes borne on plasmids (an extra-chromosomal element) are transferred 

through conjugative pili from one bacterium to another (Mcmanus, 1997; Alekshun and Levy, 

2007).  An example of this is the conjugative plasmid transfer of the tetracycline-resistance 

gene, tetM from enterococci and Mycoplasma species to gonococci (Neu, 1992). In 

transduction, a bacteriophage aids in the transfer of resistances genes of plasmid or 

chromosomal origin from one bacterium to another (Mcmanus, 1997; Alekshun and Levy, 

2007). Transformation is the process in which the bacterium picks up resistance genetic 

material from the environment (Furuya and Lowy, 2006). This process is reported to be the 

underlying cause of penicillin-resistance in pneumococci and Neisseria species (Spratt, 

1994). These resistance genes, when acquired, can be integrated into the bacterial 

chromosome or they can be maintained as extra chromosomal material on a bacterial 

plasmid and stably transferred from generation to generation.  
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1.4 Biochemical mechanisms of resistance 

Antibiotic resistance can also be classified based on biochemical mechanisms. This is purely 

dependent on the mode of action exhibited by the resistant strains. Biochemical mechanisms 

of resistance can be grouped into five classes: antibiotic inactivation, decreased antibiotic 

accessibility, alteration of antibiotic target, metabolic bypass, and development of tolerance 

(Mcmanus, 1997).  

Some bacterial strains resist antibiotics by producing enzymes that inactivate or degrade 

them. This has been demonstrated for some bacterial enzymes, examples are the β-

lactamases, the aminoglycoside-modifying enzymes (O-adenyltransferases, N-

acetyltransferases and O-phosphotransferases) and the chloramphenicol acetyltransferases 

(Giedraitienė et al., 2011). β-lactamases hydrolyse β-lactam antimicrobials, rendering these 

antibiotics inactive (Bradford, 2001). N-acetyltransferase catalyse acetyl CoA-dependent 

acetylation of the amino group of the 2-deoxystreptamine nucleus of aminoglycosides 

(Mingeot-Leclercq et al., 1999). While the O-adenyltransferase and O-phosphotransferase 

catalyse an ATP-dependent adenylation or phosphorylation of the hydroxyl group of the 2-

deoxystreptamine nucleus of aminoglycosides, respectively (Cox and Serpersu, 1997; 

Mingeot-Leclercq et al., 1999). The action of these enzymes lead to the modification of the 

aminoglycoside nucleus which results in reduced binding affinity for their target site, the 30S 

ribosomal unit of the bacteria (Tolmasky, 2000; Giedraitienė et al., 2011). Chloramphenicol 

acetyltransferases on the other hand elicit their activity by covalently binding an acetyl group 

to chloramphenicol molecule (Giedraitienė et al., 2011). This decreases the binding ability of 

chloramphenicol for its target site, the 50S ribosomes and in doing so it renders 

chloramphenicol therapeutically ineffective. 

By virtue of the membrane characteristics of bacteria, they are able to limit the access of 

certain antimicrobials (Delcour, 2009). The outer lipopolysaccharide membrane and cell 

membrane porins of the Gram-negative bacteria offer intrinsic resistance to the diffusion of 

hydrophilic solutes and penetration of hydrophobic solutes, respectively (Nikaido, 1985; 
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Hancock, 1997), while the Gram-positive bacteria have a thick peptidoglycan layer which 

offers little resistance to the diffusion of small molecules because of its coarse meshwork 

(Nikaido, 1994). Both Gram-negative and Gram-positive bacteria have efflux pumps 

interspersed in their outer membrane. The efflux pumps expel a wide variety of structurally 

unrelated drugs out of a bacterium, which contributes to their intrinsic resistance. Examples 

of this type of resistance is the expulsion of β-lactams, tetracyclines and aminoglycosides 

from Gram-negative through efflux pumps (McMurry et al., 1980; Poole, 2004).  

Other bacteria also achieve resistance by altering or modifying the target site of action. This 

is well demonstrated in macrolide-resistant Streptococcus pneumoniae, where the 23S 

mRNA subunit is altered by methylases leading to decreased binding affinity of the 

macrolides (Neu, 1992). 

Metabolic bypass and tolerance are the last of the mentioned biochemical mechanisms of 

resistance. In metabolic bypass, bacteria produce new enzymes that are not susceptible to 

existing antibiotics for example, expression of a new dihydrofolate reductase or 

dihydropteroate synthetase that are not susceptible to trimethoprim-sulfamethoxazole and 

sulfonamides, respectively (Mcmanus, 1997; Giedraitienė et al., 2011). Tolerance is the 

ability of bacteria to resist the therapeutic effect of antibiotics due to its physiological growth 

state so that bactericidal agent is no longer able to kill the bacteria but rather cause growth 

inhibition and upon withdrawal of the antibiotic the bacteria resume normal activity such as 

recurrence of infection. An example is the tolerance of non-growing pneumococci to β-

lactams (Tuomanen and Tomasz, 1990). The various biochemical mechanisms of resistance 

are illustrated in Figure 1.1.  
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Figure 1.1 Biochemical mechanisms of antibiotic resistance (Sarawilcox, 2006) 

 

1.5 The role of bacterial plasmid in antibiotic resistance 

Bacterial plasmids are small genetic elements that exist and replicate independent of their 

host’s chromosomal DNA (Bennett, 2008). Most plasmids are double-stranded DNA 

molecules and are usually circular, but some do exist in the linear form (Kinashi et al., 1993; 

Bennett, 2008). Plasmids vary in size from 1 to more than 100 kilobase pairs and they serve 

as a platform for the assembling and re-assorting of genes (Bennett, 2008). The genes found 

on plasmids encode for antibiotic-resistance, bacterial conjugation, virulence and a variety of 

other functions (Bennett, 2008; Thomas and Summers, 2008). These plasmid-encoded 

functions promote the survival of the plasmid and their host cell in a wide range of hostile 

environments (Thomas and Summers, 2008).  

Plasmid-mediated conjugation and the transfer of multidrug-resistant genes was first 

identified in the 1950s and 1960s in a recombination study of E. coli K12 (Summers, 2009). 

With time, this process has contributed to the rapid spread of antibiotic resistant genes 

among bacteria, and even from bacteria to yeast (Heinemann and Sprague Jr, 1989; 

Mazodier and Davies, 1991). Notable evidence of plasmid-mediated resistance in clinically 
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relevant pathogens include plasmid pMG252 transfer of low-level quinolone-resistant genes, 

qnr from K. pneumoniae to the Enterobacteriaceae and P. aureginosa (Rodriguez-Martinez 

et al., 2003; Wang et al., 2003; Wang et al., 2004), plasmid pAT191 transfer of kanamycin-

resistant genes from E. faecalis to E. coli (Doucet-Populaire et al., 1992), the conjugative 

transfer of kanamycin, penicillin and tetracycline resistance genes among patient isolates of 

Klebsiella (as plasmid RK2) and Pseudomonas (as plasmid RP4) (Ingram et al., 1973; 

Waters, 1999), and the conjugative transfer of multidrug-resistant plasmids from 

vancomycin-resistant enterococci to a clinical isolate of methicillin-resistant S. aureus 

(MRSA) (Weigel et al., 2003; Weigel et al., 2007). Other clinical examples of plasmid-

mediated transfer of antibiotic resistance genes in pathogenic bacteria are the K. 

pneumoniae EK105 and Yersinia pestis 17/95 (Tolmasky et al., 1986; Galimand et al., 

1997). Both of these microorganisms are multidrug-resistant and they cause infections 

leading to high mortality (Waters, 1999). The K. pneumoniae JHCK1 strain bears both 

mobilizable plasmid and a conjugative plasmid, and these encode for resistance to 

ampicillin, amikacin, gentamicin, mezlocillin, oxacillin, netilmicin, kanamycin, 

chloramphenicol, tobramycin and streptomycin (Tolmasky et al., 1986). Y. pestis 17/95 

carries plasmid pIP1202 which encodes for resistance to ampicillin, chloramphenicol, 

kanamycin, minocycline, spectinomycin, streptomycin, sulfonamides and tetracycline 

(Galimand et al., 1997). These few examples show the extent and relevance of plasmid-

mediated conjugation to the dissemination of antibiotic resistance genes and the need to 

inhibit this process as a strategy to curtail the spread and rise in antibiotic resistance. 

  

1.5.1 Bacterial conjugation 

Bacterial conjugation allows the transfer of genetic material from one bacterium to another 

through cell-cell contact (Waters, 1999; Alvarez-Martinez and Christie, 2009). This process is 

mediated by self-transmissible plasmids (also known as conjugative plasmids) and it occurs 

in both Gram-negative and Gram-positive bacteria, as well as in wall-less bacteria and the 
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members of the phylum Crenarchaeota of the Archaea (Frost et al., 2005; Alvarez-Martinez 

and Christie, 2009). A plasmid is characterized as self-transmissible when it carries the 

essential genes for conjugation; the mobility (MOB) genes also known as DNA transfer and 

replication (Dtr) genes and the mating pair formation (MPF) genes (Smillie et al., 2010). For 

the purpose of this study, discussion will be limited to conjugation systems of the Gram-

negative bacteria, which primarily use the type-IV secretion systems (T4SS) for plasmid 

transfer. 

Water (1999) conceptualized conjugation in Gram-negative bacteria into four sub-processes 

namely;  

• contact between the donor and the recipient cell and the formation of the conjugation 

pilus,  

• enzyme mediated nick within the oriT (origin of transfer) of one of the strands of the 

conjugative plasmid,  

• conjugative replication and the transfer of the nicked DNA strand to the recipient and 

re-cirularization,  

• formation of a complementary DNA strand in the recipient (Waters, 1999).  

The conjugation process commences with a donor to recipient cell contact, transfer genes on 

the donor conjugative plasmid encodes for the formation of a conjugative pilus (a complex 

multi-protein structure) (Waters, 1999; Thomas and Summers, 2008; Alvarez-Martinez and 

Christie, 2009; Arutyunov and Frost, 2013). This conjugative pilus connects the cytoplasmic 

compartments of both the donor and recipient bacteria and serves as a transfer pore 

(Waters, 1999). The interaction between the cells then triggers the release of DNA transfer 

and replication (Dtr) proteins including a relaxase enzyme, which binds onto the origin of 

transfer (oriT) of the conjugative plasmid, this DNA-enzyme complex is known as the 

relaxosomes (Alvarez-Martinez and Christie, 2009). The relaxase enzyme then mediates a 

nick at the oriT of a single strand of the conjugative plasmid (Waters, 1999; Alvarez-Martinez 

and Christie, 2009; Arutyunov and Frost, 2013). The nicked strand (T-strand), still with the 
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relaxase enzyme covalently attached to its 5’ terminus is unwound into a relaxed open DNA 

strand and transferred to the recipient cell through the conjugative pili (Waters, 1999; 

Alvarez-Martinez and Christie, 2009; Fronzes et al., 2009). Re-circularization of the nicked 

strands then starts at the conjugative pili on the recipient side; this process is catalyzed by 

the relaxase (Alvarez-Martinez and Christie, 2009). The nicking of the conjugative pili 

supplies the 3’ terminus end of the T-strand for the complete circularization (Waters, 1999). 

This then releases a circular form of single stranded DNA into the recipient cell. Finally, both 

donor and recipient cells synthesize complementary strands so that each cell would have a 

double stranded plasmid (Waters, 1999). Figure 1.2 shows the processes involve in bacterial 

conjugation. 

 

 

Figure 1.2 Schematic diagram of bacterial conjugation (en.wikipedia.org, 2010)  

 

A 
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1.5.2    Inhibition of plasmid conjugation 

Inhibition of plasmid conjugation is an approach that aims to prevent the spread of antibiotic 

resistance gene amongst bacteria (Fernandez-Lopez et al., 2005; Smith and Romesberg, 

2007). This approach would not necessarily kill resistant microorganisms but rather prevent 

an increase in the number of plasmid-containing cells in a bacterial population, a means to 

re-establish the antibiotic-susceptible populations and reinstate the efficacy of existing 

antibiotics.  

This approach of plasmid conjugal inhibition has not received much attention but studies so 

far have led to the identification of two types of chemical compound inhibitors, the non-

specific and the specific conjugal inhibitors. The specific inhibitors achieve anti-conjugal 

activity by targeting specific components (Lujan et al., 2007) or the overall conjugation 

process (Fernandez-Lopez et al., 2005; Getino et al., 2015) while the non-specific inhibitors 

achieve activity by non-selective processes. 

The non-specific conjugal inhibitors include nifurzide (1) a nitrofuran, which showed anti-

conjugal activity against R plasmid transfer between E. coli strains for plasmids of nine 

different incompatibility groups (Michel-Briand and Laportf, 1985). Its conjugal inhibitory 

activity was attributed to its reduced -NO2 group (Michel-Briand and Laportf, 1985). Nalidixic 

acid (2), norfloxacin (3) and pipemidic acid (4) have been reported to inhibit the conjugal 

transfer of R plasmids of different incompatibility groups of P. aeruginosa and E. coli 

(Nakamura et al., 1976; Hirai et al., 1984).  

Novobiocin (5) and coumermycin (6) have been reported to inhibit the conjugal transfer of 

plasmids pKM101, TP114 and pUB307 (Maree et al., 2014) and R64drd-11(Hooper et al., 

1989) in E. coli by targeting the DNA gyrase. Although these compounds do not specifically 

target the conjugation machinery, they are able to inhibit plasmid conjugation as they interact 

with the DNA and functioning DNA gyrase has been shown to be essential for bacterial 

conjugation hence the their anti-conjugal activity (Hooper et al., 1989). 
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The specific conjugal inhibitors are a better alternative as they are expected to impose weak 

selective pressure, minimizing the possibility of resistance (Baron and Coombes, 2007; 

Smith and Romesberg, 2007), unfortunately only a few have been identified so far. These 

include dehydrocrepenynic acid (7) linoleic acid (8) and oleic acid (9), which were reported to 

have active inhibition against the conjugal transfer of plasmids F and R388 but not against 

plasmids RP4, RK6 and pKM101 (Fernandez-Lopez et al., 2005). Synthetic fatty acids, 2-

hexadecynoic acid (10) and 2-octadecynoic acid (11) have shown promising anti-conjugal 

activity against IncF, IncW and IncH plasmids but these compounds do have toxicity issues 

(Getino et al., 2015). Quite recently two natural products, tanzawaic acids A (12) and B (13) 

have been added to the list of specific conjugal inhibitors (Getino et al., 2016). These 

specifically inhibited the IncW and IncFII conjugative systems but were inactive against IncN 

and IncP plasmids (Getino et al., 2016). Bisphosphonates, were initially reported to be 

specific inhibitors of the plasmid F relaxase (Lujan et al., 2007) but recent studies have 

shown that this class of drugs are rather nonspecific chelating agents (Nash et al., 2012).  
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This then leaves the mentioned fatty acids and polyketides as the only class of compounds 

identified as specific conjugal inhibitors, making it essential for research in this area. It is also 

worth mentioning that none of the identified conjugal inhibitors have progressed to the stage 

of clinical trials yet but the well-documented evidence of plasmids mediating antibiotic 

resistance in bacteria and the inability of current antibiotics to achieve therapeutic effect 

makes the targeting of bacteria conjugation a rational option (Smith and Romesberg, 2007; 

Williams and Hergenrother, 2008). 

 

 

1.6 Description of plasmids used in this study 

Plasmids are classified based on their stability during conjugation and their ability to stably 

co-exist in a cell, a phenomenon termed plasmid incompatibility (Inc) (Datta and Hedges, 

1971; Carattoli, 2009). Incompatibility is “the inability of two plasmids to propagate stably in 

the same cell line, thus, only compatible plasmids can be found in transconjugants” 

(Couturier et al., 1988; Carattoli, 2009). Incompatible plasmids cannot exist in a 

transconjugant because they have the same replication mechanisms (Frost et al., 2005). 
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Based on the plasmid incompatibility classification, such plasmids which are incompatible to 

each other are assigned to the same group (Couturier et al., 1988). At present, 26 

incompatibility groups have been identified for the Enterobacteriaceae, 14 groups for the 

Pseudomonadaceae and about 18 groups for Staphylococci (Frost et al., 2005). For this 

study four infective plasmids were used, namely plasmid pKM101 (IncN), TP114 (IncI2), 

pUB307 (IncP) and R7K (IncW). 

pKM101 is a 35.4 kilobase plasmid, which belongs to incompatibility group N (IncN). This 

plasmid was derived from the clinically isolated plasmid R46 (Langer et al., 1981). Plasmid 

pKM101 has a bla gene, which encodes for a β-lactamase hence the host cell’s resistance 

to the β-lactam antibiotics (Langer et al., 1981).  It has the tra genes, which enable it to 

encode for the conjugation and transfer of its genes (Langer et al., 1981). In addition, it has 

the muc (mutagenesis: UV and chemical) genes, which are responsible for enhancing 

ultraviolet light and chemically induced mutagenesis in its host cell (Langer et al., 1981). An 

example of this is the reported increase in sensitivity to mutagenesis and resistance to UV 

killing by E. coli and Salmonellla typhimurium cells which habour plasmid pKM101 (Langer et 

al., 1981; Maron and Ames, 1983). 

TP114 is a 65.1 kilobase I2 incompatibility group (IncI2) plasmid. This plasmid was isolated 

from E. coli (Grindley et al., 1973). It is a self-transmissible plasmid with resistance genes for 

kanamycin (McConnell et al., 1979).  

pUB307 is an incompatibility group P (IncP) plasmid. It is a derivative of the plasmid RP1 

(Bennett et al., 1977). It is a self-transmissible plasmid, which encodes for kanamycin and 

tetracycline resistance (Bennett et al., 1977). Studies on pUB307 have shown that this 

plasmid mobilizes gonococcal resistance plasmids from E. coli to N. gonorrhoeae (Piffaretti 

et al., 1988). 
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R7K is a 30.3 kb plasmid belonging to the incompatibility group W (IncW). This plasmid was 

isolated form Proteus rettgeri (Coetzee et al., 1972). It is a self-transmissible plasmid with 

resistant markers for ampicillin, spectinomycin and streptomycin (Coetzee et al., 1972).   

 

1.7 The role of efflux pumps in antibiotic resistance 

Bacterial efflux pumps are trans-membrane proteins found in the cytoplasmic membrane of 

bacterial cells. They function by actively transporting toxic compounds including antibiotics 

from the bacterial cell to help maintain normal physiological processes of the cell 

(Lomovskaya et al., 2001). Bacterial efflux pumps expel a wide variety of structurally 

unrelated antibiotics from the cell, resulting in a sub-therapeutic concentration and hence 

reduced bacterial susceptibility (Gibbons et al., 2003). Genes located on the bacterial 

chromosome or numerous plasmids encode the expelling capabilities of bacterial efflux 

pumps, which could either be drug-specific or non-drug specific (Lomovskaya et al., 2001; 

Poole, 2005). The non-drug specific pumps are able to expel multiple drugs and this confers 

multidrug-resistance in the bacteria. Effluxing of substrates from the cell is energy 

dependent. The primary active transporters use adenosine triphosphate hydrolysis and the 

secondary active transporters (uniporters, symporter or antiporters) utilize the 

electrochemical potential difference created by ion exchange in the cell as a source of 

energy (Dimroth, 1997; Paulsen, 2006). 

Bacterial efflux pumps have been categorized into five main families, based on their amino 

acid sequences and the energy source utilized to transport a substrate (Piddock, 2006; 

Schindler, 2013). The families: ATP-binding cassette (ABC) transporters, major facilitators 

superfamily (MFS), resistance-nodulation cell division (RND) superfamily, small multidrug-

resistance (SMR) family, and multidrug and toxic compound extrusion (MATE) family (Li and 

Nikaido, 2004). ABC transporters are adenosine triphosphate (ATP) hydrolysis driven. The 
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MFS, RND, SMR and MATE are all secondary active transporters catalyzed by drug-ion (H+) 

antiport except MATE, which is catalyzed by drug-ion (Na+) antiport (Poole, 2005). 

Documented evidence of efflux-mediated antibiotic resistance in clinically relevant pathogens 

include, a chromosome-encoded RND family multidrug efflux pump, MexXY, responsible for 

resistance of P. aeruginosa to tetracycline, aminoglycosides and macrolides (Masuda et al., 

2000). The MF superfamily efflux pump, Tet proteins, which are responsible for resistance of 

E. coli (Maynard et al., 2004), S. aureus (Truong-Bolduc et al., 2005), Mycobacterium 

smegmatis, Mycobacterium fortuitum (Viveiros et al., 2003), Acinetobacter spp. (Agerso and 

Guardabassi, 2005) and Chlamydia spp. (Dugan et al., 2004) to tetracycline have been 

reported. Given these examples and the significance of bacterial efflux pump in multidrug 

resistance, efflux inhibition is an essential process that must be considered in the 

approaches to combat bacteria and drug resistance.  

 

1.8 Importance of natural products in drug discovery  

Natural products have always been an important source of lead compounds in drug 

discovery. Historically, natural products were the main source of all medicinal preparations 

until the introduction of combinatorial chemistry, which led to a decrease in the focus on 

natural products by the pharmaceutical industries (Gibbons, 2008; Harvey et al., 2015). 

Despite this, natural products or their derivatives have continued to enter clinical trials 

particularly as anticancer and anti-infective agents, showing their potential as a source of 

drugs. A detailed analysis of new small molecules anticancer medicines approved between 

1940 and 2014 revealed that 49% were either natural products or of natural product-based 

origin (Newman and Cragg, 2016). In addition, an analysis of new small molecules approved 

between 1981 and 2014 as anti-infective medicine showed that 55% of them were actually 

natural products or of natural product origin (Newman and Cragg, 2016).  
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Natural products are likely to produce more potential drugs and/or drug leads than synthetic 

chemistry because living organisms are in constant contact with the evolving pathogenic 

microorganisms. As such, living organisms tend to produce bioactive metabolites against 

these pathogens as a chemical defense mechanism (Gibbons, 2008). An example is the 

synthesis of phytoalexins; allixin (14), totarol (a conifer oleoresin, 15) and capsidiol (16) by 

certain plants in response to pathogenic attack (Kodera et al., 1989; Smith et al., 2007; 

Maldonado-Bonilla et al., 2008). 

 

In addition, metabolites from natural products tend to have unique features that make them 

quite different from drugs of synthetic origin, such as oxygenated molecules, chiral centres, 

polycyclic carbon skeletons and extensive functional group chemistry (Ganesan, 2004; 

Gibbons, 2008). The structural diversity, unique features and the abundance of natural 

products marks them out as a valuable source of bioactive molecules, which are likely to 

have a different mode of action against multidrug-resistant microorganism from the existing 

antimicrobials (Gibbons, 2008). These facts are the very reasons why natural products, 

especially plants, should be exploited for potential new drugs.  

  

1.9 Description of plants used in this study 

In this study, six edible medicinal plants and two non-edible medicinal plants were screened 

for bioactive compounds against the bacterial conjugation in E. coli and bacterial efflux 

systems in S. aureus. The plants are Amoracia rusticana, Borago officinalis, Brassica 

oleracea, Lepidium sativum, Myristica Iowiana, Sinapis alba, Uncaria tomentosa and 
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Zingiber officinale. A brief description of these plants is shown in the sections 1.10 -1.17, 

below. 

 

1.10 Sinapis alba L. 

Sinapis alba is a leafy annual plant of the family Brassicaceae. It grows up to about a meter 

in height with stalk-less pinnate leaves, yellow flowers, which produce oblong hairy 

seedpods. It is commonly known as white mustard. S. alba originates from Europe but it is 

now grown globally for its seeds (van Wyk and Wink, 2004). The seeds are hard and round, 

with a diameter size of 1 to 1.5 mm (Balke and Diosady, 2000). Although it is known as white 

mustard, the seeds usually appear as pale beige or light straw-yellow in colour (van Wyk and 

Wink, 2004). 

 

Figure 1.3 Sinapis alba seeds 

Credit: Photo by Awo Afi Kwapong, 2014, UCL School of Pharmacy.  

Phytochemical studies on S. alba seeds have revealed the presence of essential oils, 

sterols, fatty acids, flavonoids, glucosinolates, isothiocyanates and antioxidants (Durkeet and 

Harborne, 1973; Appelqvist et al., 1981; Fahey et al., 2001). It is also a rich source of 

vitamins and minerals. Compounds isolated from S. alba seeds include; gluconapin (3-



 18 

butenyl glucosinolate; 17), sinalbin (4-hydroxylbenzyl glucosinolate; 18), which is responsible 

for its pungent taste, sinigrin (2-propenyl or allyl glucosinolate) (Fahey et al., 2001), sinalexin 

(19), a phytoalexin produced by S. alba under biotic or abiotic elicitation (Soledade et al., 

1997), 4-hydroxy-3-nitrophenylacetic (20) and sinapic acids (Figure 3.73) (Tesaki et al., 

1998).  

 

White mustard seed is used as a condiment and as an emulsifier in meat products. In 

traditional medicine, S. alba seed oil is used topically to relieve muscle pain, rheumatism, 

arthritic pain and chest congestion (Divakaran and Babu, 2016). It is also used in the 

treatment of dyspepsia and to increase peripheral blood flow by acting as a skin irritant (van 

Wyk and Wink, 2004).  

 

1.11 Armoracia rusticana G.Gaertn., B.Mey. & Scherb. 

Armoracia rusticana is a perennial plant of the family Brassicaceae. It grows up to about 1 to 

4 ft in height (Foster and Hobbs, 2002). It has large oblong leaves, which grow directly from 

its taproot in a distinctive rosette pattern with small white flowers borne on long flower stalk 
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of up to 1m high (van Wyk and Wink, 2004). It is commonly known as horseradish and 

cultivated mostly for its fleshy roots, which are used as a spice. This plant is thought to have 

originated from Eastern Europe (van Wyk and Wink, 2004). 

 

Figure 1.4 Armoracia rusticana roots (plantvillage.org, 2014) 

The edible roots are known to contain glucosinolates (glucobrassicin (21), neoglucobrassicin 

(22)) and isothiocyanates (allyl isothiocyanate, phenylethyl isothiocyanate), which are 

common in most Brassica vegetables. Plastoqinone-9 (23), 6-O-acyl-β-D-glucosyl-β-

sitosterol and 1,2-dilinolenoyl-3-galactosylglycerol have been reported for in the roots (Weil 

et al., 2005).  The plant is also known to contain flavonoids (kaempferol (24) and quercetin, 

and their glycosides, rutinoside, 3-O-β-D-glucosyl-β-D-kaempferol-xyloside, 3-O-β-D-

glucosyl-β-D-quercetin-xyloside), asparagine, resin and vitamin C (Chevallier, 2001). 
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In herbal medicine, a decoction made from the roots is used as a weak diuretic, antiseptic 

and an expectorant (Chevallier, 2001; Foster and Hobbs, 2002). The roots are also used for 

the treatment of bronchitis, coughs and bronchial catarrh (Foster and Hobbs, 2002). The root 

poultice is used for the treatment of rheumatism and respiratory congestion (Foster and 

Hobbs, 2002). In Germany, extracts of the roots are used for the treatment of respiratory 

tract inflammation and urinary tract infections (Chevallier, 2001; Foster and Hobbs, 2002).  

 

1.12 Brassica oleracea L. var. italica Plenck 

Brassica oleracea is an herbaceous annual plant of the Brassicaceae family, commonly 

known as broccoli. It has thick green stalk, which gives rise to thick, leathery gray-blue to 

green coloured leaves and a large branching flower heads.  This plant is cultivated for its 

edible unopened flower buds and tender flower stalks. Broccoli originated from the 

Mediterranean area and Asia Minor (Buck, 1956; Stephens, 2015). 

Phytochemical studies on this plant revealed the presence of glucosinolates (3-

methylsulphinylpropyl glucosinolate (25), 4-methylsulphinylbutyl glucosinolate) and the 

isothiocyanates (sulforaphane (26), indole-3-carbinol (27), glucoraphanin), anti-oxidants 

(quercetin, glutathione, beta carotene, vitamin C) (Giamoustaris and Mithen, 1996; Moreno 

et al., 2006; Pérez-Balibrea et al., 2008). It is also a rich source of flavonoids, minerals and 

vitamins (Giamoustaris and Mithen, 1996; Moreno et al., 2006; Pérez-Balibrea et al., 2008). 

The main use of broccoli is for its health-promoting properties but in traditional medicine, the 
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Figure 1.5 Brassica oleracea var. italica plant (plantvillage.org, 2015a) 

juice from the leaves of broccoli is used in the treatment of warts (Guarrera, 2005). A number 

of anti-cancer studies have also shown that high consumption of the Brassica vegetables 

especially broccoli, reduces the progression of lung, gastrointestinal tract and prostate 

cancers (Fahey et al., 1997; Moreno et al., 2006; Traka et al., 2014; Wong et al., 2014).  

 

 

1.13 Lepidium sativum L. 

Lepidium sativum is an annual herb of the family Brassicaceae and is commonly known as 

garden cress. It is an edible herb, which can grow to a height of 60 centimeters (Boswell and 

Sowerby, 1863). The whole plant is nearly glabrous (Ghante et al., 2011). The upper part of 

the herb has many branches with radical leaves, white to pinkish flowers and it bears 

O SHOHO OH

HOH2C

N
O N

H

OH

S
CH3

S
O

OHO

O

25

27

S
N

C
O S

26



 22 

elliptical shaped seeds, which are pale reddish brown in colour (Boswell and Sowerby, 1863; 

Ghante et al., 2011).  L. sativum is a native of Egypt and West Asia but it is now grown in 

temperate countries globally for its edible shoot and for medicinal purposes (Gokavi et al., 

2004; Nehdi et al., 2012). 

 

Figure 1.6 Lepidium sativum plant and seeds 

A (plantvillage.org, 2015b); B, photo by Awo Afi Kwapong, 2014, UCL School of Pharmacy. 

Phytochemical studies on L. sativum have shown the presence of essential oil, 

glucosinolates, alkaloids, sterols, cyanogenic glycosides (traces), flavonoids, tannins, 

saponins and triterpenes (Sharma and Agarwal, 2011; Ghante et al., 2011). Glucotropaeolin 

(28), 2-phenylethyl glucosinolate (Figure 3.16), methyl glucosinolate (29) and butyl 

glucosinolate have been reported for this plant (Radwan et al., 2007; Sharma and Agarwal, 

2011). 

Dimeric imidazole alkaloids such as the lepidines E and F (30), and the monomeric 

imidazole alkaloids semilepidinoside A and B (31) are some of the main alkaloids isolated 

from garden cress seeds (Maier et al., 1998). The volatile products; phenylacetonitrile, 

benzyl isothiocyanate, 1,8-cincole and α-pinene of L. sativum have been reported to be 

responsible for its antibacterial activity (Sharma and Agarwal, 2011).   

A B 
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The leaves of L. sativum can be consumed raw as a salad or cooked for their health 

promoting properties. L. sativum has been implicated in the treatment and management of 

many pathological conditions. In China, garden cress seeds are used for the treatment of 

abdominal colic, asthma, pleurisy and dropsy (Sharma and Agarwal, 2011). In some 

countries in Africa, the seeds are chewed to cure throat diseases, asthma, headache, and 

bone fracture (Sharma and Agarwal, 2011). Both the seeds and leaves of L. sativum are 

used in the treatment of bronchitis, inflammation, rheumatism and muscular pain in the 

Unani system of medicine (Ghante et al., 2011; Sharma and Agarwal, 2011). It is also used 

for the treatment of cough, bleeding piles, diabetes and hypertension (Eddouks et al., 2005; 

Maghrani et al., 2005; Juma, 2007; Mali et al., 2007). 

  

1.14 Zingiber officinale Roscoe 

Zingiber officinale (ginger) is an herbaceous perennial plant of the family Zingiberaceae. It 

grows up to a meter in height bearing narrow, glossy, bright green ribbed leaves and 
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yellowish flowers (Chevallier, 2001). This plant is grown mostly for its edible rhizome, which 

is widely used as a spice or medicine. The rhizomes are rough, knotty and beige in 

appearance with a characteristic flavor and pungency. The young ginger rhizomes are  

 

Figure 1.7 Zingiber officinale rhizome 

Credit: Photo by Awo Afi Kwapong, 2014, UCL School of Pharmacy. 

usually juicy and fleshy with a mild taste because of the high content of gingerol and water 

while the mature rhizomes are fibrous and nearly dried with an extremely pungent taste 

because of the high content of shogaols (Natarajan et al., 1972; McGee, 2004). The 

shogaols are about twice as pungent as their precursors the gingerol and this explains why 

matured and dried ginger is more pungent than the fresh young ginger (McGee, 2004). 

The main biochemical constituents of ginger rhizome are essential oils, oleoresins and crude 

fibre (Van-Beek et al., 1987). In the oleoresin are found the essential oils and the nonvolatile 

phenylpropanoid-derived compounds, which are responsible for the pungent taste of ginger, 

particularly the gingerols, zingerone and shogaols (McGee, 2004; Lim, 2016).  The reported 

essential oils of ginger include (-)-zingiberene (32), (-)-β-sesquiphellandrene (33),  (+)-ar-

curcumene, (E)(E)-α-farnesene, β-bisabolene, geranial, 1,8-cineole (Van-Beek et al., 1987; 

Ekundayo et al., 1988). These type of compounds, galanolactones (34), diarylheptanoids (5-

hydroxy-1-(4-hydroxy-3-methoxyphenyl)-7-(4-hydroxyphenyl)heptan-3-one (35)), gingerdiols, 
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gingerdiones, and zingerines have also been reported in ginger (Harvey, 1981; Endo et al., 

1990; Huang et al., 1991; Kikuzaki et al., 1991; Kikuzaki et al., 1992; Jiang et al., 2007; 

Araya et al., 2011; Ahn and Oh, 2012; Lv and She, 2012). 

 

In traditional medicine, ginger is commonly used for the treatment of cold, coughs, fever, 

nausea and headaches (van Wyk and Wink, 2004; Semwal et al., 2015). It is also used as a 

expectorant, carminative, anti-inflammatory agent, diaphoretic, antispasmodic, peripheral 

circulatory stimulant, diuretic, astringent, digestive aid and appetite stimulant in many 

countries (Chevallier, 2001; Semwal et al., 2015). The use of ginger in traditional medicine is 

well supported by scientific research, which has shown that ginger has anti-allergenic 

(Yamahara et al., 1995), immune-boosting (Lu et al., 2011), anti-nausea (Pertz et al., 2011), 

anti-gastric, analgesic, antipyretic and anti-inflammatory activities (Young et al., 2005; Ueki 

et al., 2008; Baliga et al., 2011; Ahn et al., 2009). 
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1.15 Myristica lowiana King 

Myristica lowiana is a dioecious flowering tree of the family Myristicaceae. It is a native of 

Southeast Asia and it is largely found in the deep forest (de Wilde, 2000). It usually grows up 

to 7-25 metres in height with a dark chocolate or blackish coloured stem bark, lanceolate 

oliveacous or brown leaves, cream rusty coloured flowers and ellipsoidal shaped fruits (de 

Wilde, 2000). Its bark and wood exude a watery red sap on cutting, which is characteristic of 

this plant (de Wilde, 2000). There is no known medicinal use of this plant in literature; so far 

it is mainly used as wood for construction purposes. There are also no phytochemical reports 

on this plant but the Myristicaceae are known to contain essential oils, coumarins, 

flavonoids, lignans, acylphenols, alkaloids, polyketides and terpenoids compounds 

(Valderrama, 2000; van Wyk and Wink, 2004; Francis et al., 2014; Cao et al., 2015). 

 

 

Figure 1.8 Myristica lowiana trunk and leaf 

Credit: Photo by Stephen Teo, 2016, St Matang, Malaysia. 
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1.16 Borago officinalis L. 

Borago officinalis is an easy growing annual herb of the Boraginaceae family. It is commonly 

known as borage, starflower or bee plant.  It grows to a height of about 1.6 ft (van Wyk and 

Wink, 2004). The whole plant is covered with bristle or trichomes. The stem of borage is 

covered with alternate arranged wrinkled deep green leaves and bright blue coloured flowers 

(van Wyk and Wink, 2004; Franz et al., 2007). Both the flowers and leaves are edible and 

are usually used to garnish food or as salads (Franz et al., 2007). Borage is thought to have 

originated from southern Spain and Morocco (Chevallier, 2001). It is grown mostly as a 

garden herb and cultivated in large scale agriculture for its seed oil, which is commercially 

known as starflower oil (van Wyk and Wink, 2004). 

 

Figure 1.9 Borago officinalis plant 

Credit: Photo by Awo Afi Kwapong, 2014, UCL School of Pharmacy. 

This plant contains tannins, flavonoids and trace amounts of several unsaturated 

pyrrolizidine alkaloids (van Wyk and Wink, 2004; Franz et al., 2007). Some of the 

pyrrolizidine alkaloids are amabiline (36), supinidine (37), lycopsamine (38) and intermedine, 
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which are mostly found in the leaves of borage are known to be hepatotoxic as well as 

mutagenic and carcinogenic (Smith and Culvenor, 1981; Chevallier, 2001; Vacillotto et al., 

2013). Thesinine (40), a non-toxic pyrrolizidine alkaloid has been reported for this plant and it 

is responsible for the deep blue colour of the flowers (Dodson and Stermitz, 1986; Herrmann 

et al., 2002). The seeds are rich in fatty acids, particularly gamma linoleic acid (Chevallier, 

2001; van Wyk and Wink, 2004). 

 

In traditional medicine, borage herb or the flowers are used as a diuretic, diaphoretic, 

expectorant, anti-inflammatory, demulcent, mild sedative and anti-depressant (Chevallier, 

2001; van Wyk and Wink, 2004). Its seed oil is used in the treatment of rheumatic problems, 

eczema, premenstrual complaints and other chronic skin conditions (Chevallier, 2001). 

Additionally, scientific research has shown that borage oil has anti-allergic (Gu et al., 1998), 

immune-modulatory (Harbige et al., 2000) and blood pressure lowering activity (Engler and 

Engler, 1998)  and these justify its use in traditional medicine.  
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1.17 Uncaria tomentosa (Willd. ex Schult.) DC. 

Uncaria tomentosa is a woody climbing vine of the Rubiaceae family.  It usually grows up 

100 ft or more, its stem can grow up to 20 cm thick with opposite arranged leaves and sharp 

thorns (Chevallier, 2001). It is commonly called cat’s claws because of its claw-shaped 

thorns (Chevallier, 2001). This plant is a native of the tropical rainforest of South and Central 

America (Chevallier, 2001). 

 

Figure 1.10 Uncaria tomentosa vine (mb-med.it, 2013) 

Phytochemical studies on this plant revealed the presence of pentacyclic oxindole alkaloids 

such as pteropodine, speciophylline, mitraphylline and tetracyclic oxindole alkaloids such as, 

rhynochophylline (40) and isorhychophylline (Shamma et al., 1967; Seki et al., 1993; Laus 

and Keplinger, 1994). In addition, triterpenoid glycosides, sterols, flavonoids, coumarins and 

tannins have also been reported for this plant (Chevallier, 2001; Heitzman et al., 2005). The 

reported triterpenoids include 3β,6β,19α-trihydroxyurs-12-en-28-oic acid (41), 3β,6β,19α-

trihydroxy-23-oxo-urs-12-en-28-oic acid (Aquino et al., 1990), pyroquinovic acid 3β-O-β-D-

glucopyranosyl-(1-4)-β-D-fucopyranosyl-28-O-β-D-glucopyranosyl ester  (tomentoside A) 

and pyrocincholic acid 3β-O-β-D-glucopyranosyl-(1-4)-β-D-fucopyranosyl-28-O-β-D-

glucopyranosyl ester  (tomentoside B) (Kitajima et al., 2003), the flavonoids include 
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epicatechin (42), catechin, kaempferol (Wirth and Wagner, 1997; Goncalves et al., 2005) 

and the flavono-lignans include cinchonain Ia (43) and cinchonain Ib (Wirth and Wagner, 

1997). 

 

Native healers of South and Central America use U. tomentosa for the treatment of asthma, 

diabetes, arthritis, allergies, fever, gastric ulcers, haemorrhage, inflammation, menstrual 

irregularity, urinary tract infections and cancer (Chevallier, 2001; Heitzman et al., 2005). A 

decoction of the stem or root cuttings is used to boost the body’s immune system against 

infections (Chevallier, 2001). The use of U. tomentosa in herbal medicine is well supported 

by research findings, which have shown that this plant has anti-inflammatory (Rizzi et al., 

1993; Aguilar et al., 2002), antioxidant (Wirth and Wagner, 1997; Goncalves et al., 2005) and 

immune-stimulatory properties (Keplinger et al., 1999; Lemaire et al., 1999). 
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1.18 Aims and objectives 

The main aims of this project was to isolate and characterise natural products that: 

• inhibit bacterial plasmid conjugal transfer as a strategy to combat the spread of 

multi-drug resistance genes among bacteria.  

• potentiate the activity of antibiotics against efflux-mediated multidrug-resistant 

strains as a strategy to restore the activity of existing antibiotics.  

Five major objectives were set to help achieve the aims of the project. They are as follows: 

1. To carry out a bioassay-guided isolation, this involved: 

• extraction of ground plant materials using solvents of different polarity 

• subsequent bioassay-guided fractionation of the identified anti-conjugal 

extracts and further isolation from the identified anti-conjugal fractions using 

chromatographic methods  

• structural elucidation of the isolated compounds using spectroscopic 

methods. 

2. To screen for bacterial plasmid conjugation inhibitory activity, this involved: 

• the determination of antibacterial sensitivity of the plant extracts, fractions, 

isolated and purchased compounds against E. coli NCTC 10418, 

• subsequent screening of the plants extracts, fractions, isolated and 

purchased compounds at sub-inhibitory concentrations against the conjugal 

transfer of IncP plasmid pKM101, IncI2 plasmid TP114, IncP plasmid 

pUB307 and IncW plasmid R7K, 

• concentration-dependent study of the identified conjugal inhibitors. 

3. To determine the plasmid eliminating activity of the identified conjugal inhibitors. 

4. To determine the cytotoxicity of the identified conjugal inhibitors against human 

dermal fibroblast adult cells. 

5. To screen for antibiotic potentiation activity, this involved: 
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• the determination of antibacterial sensitivity of the plant extracts, isolated 

and purchased compounds against S. aureus strains, SA-1199B (NorA) 

and XU212 (TetK ), which over expresses multidrug-resistance pumps, and 

• subsequent testing of the isolated and purchased compounds at sub-

inhibitory concentrations in combination with the relevant antibiotics against 

SA-1199B (NorA) and XU212 (TetK). 
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Chapter 2  Materials and methods 

2.1 Plant Material 

The plant material for this project was obtained as seeds, roots, florets, rhizomes, stem bark 

or whole plant as outlined in Table 2.1.  The fresh rhizomes were cleaned, cut up into pieces 

and oven dried at 40°C for 3 days. The stem bark was sun dried for a week. The fresh flower 

heads were freeze-dried. The dried plant materials were finely milled and stored at room 

temperature. A voucher specimen of Myristica lowiana was deposited at the herbarium of the 

Department of Pharmaceutical and Biological Chemistry, UCL School of Pharmacy.  

Table 2.1 Summary of the plants used, their source, part and voucher or batch number 

SPECIES SOURCE PART USED 
VOUCHER/ 
BATCH 
NUMBER 

Sinapis alba Holland & Barrett, UK  Seeds 79337 

Armoracia rusticana G Baldwin & Co., UK Roots 0030 

Brassica oleracea Waitrose, UK Florets 206MAE 

Lepidium sativum Seed Parade, UK Seeds 900 

Zingiber officinale Waitrose, UK Rhizome - 

Myristica lowiana Stephen Teo, Forest 
Department Sarawak. 
Collected from St Matang, 
Malaysia, May 2014 

Stem bark ST001/14 

Borago officinalis Herb in a Bottle, Germany Aerial part 139611 

Uncaria tomentosa G Baldwin & Co., UK Woody vine 0043 

2.2 Extraction 

2.2.1 Soxhlet Extraction 

Soxhlet extraction is a classical solid-liquid extraction procedure and can be carried out using 

organic solvents or heterogeneous solvent mixtures of different polarities to obtain extracts 
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of different chemistry. It has the advantage of large-scale extraction and high extraction 

yields. However, thermo-labile compounds might be degraded during the process because 

this extraction process is heat-dependent. This process was used for the extraction of L. 

sativum seeds (245 g), Z. officinale rhizome (200 g) and U. tomentosa vine cuttings (500 g).  

The powdered plant material was packed into a cellulose thimble and placed into the 

extraction tube of the Soxhlet apparatus. The extraction tube packed with the plant material 

was then secured onto a 5 L round bottomed flask and placed on a heating mantle. The 

setup was filled with solvent (2.5 L) and a reflux condenser was secured above the 

extraction tube of the Soxhlet apparatus. The extraction was allowed to run at a heating 

temperature of 40°C to 60°C until extraction was completed. Extraction was carried out using 

solvents of increasing polarity (hexane or petroleum ether, chloroform and methanol). The 

resulting extracts were evaporated to dryness on a rotary evaporator at 40°C. Dried extracts 

were weighed and stored in the refrigerator until they were required for use. 

 

 

 

 

 

 

 

Figure 2.1 Soxhlet extraction of L. sativum seeds 
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2.2.2 Ultrasound-assisted Extraction (UAE) 

Ultrasound-assisted extraction is a solvent extraction process, which is gradually gaining 

popularity (Bucar et al., 2013). It can be carried out using organic solvents or heterogeneous 

solvent mixtures of different polarities to obtain extracts of different chemistry. Ultrasound-

assisted extraction uses mechanical stress to induce cavitation and cellular breakdown of 

plant material that results in increased extraction yield.  It has the advantage of decreased 

extraction time and improved temperature control of the water bath used in the process. S. 

alba seeds (1kg), A. rusticana roots (1 kg), B. oleracea florets (910 g), M. lowiana stem bark 

(592 g) and B. officinalis herb (200 g) were individually extracted using ultrasound-assisted 

extraction.  

The powdered plant material was placed in a 5 L glass beaker and covered with the 

extracting solvent, hexane. This was then placed in an ultrasonic bath for 4 h. The resulting 

extract was filtered and dried under vacuum. Dried extracts were weighed and stored in the 

refrigerator until they required for use. The procedure was repeated with chloroform and 

finally with methanol to obtain extracts of increasing polarity.  

 

2.2.3 Acid-base Extraction 

Acid-base extraction is a liquid-liquid extraction process that achieves separation based on 

the solubility of compounds in two immiscible liquids (Figure 2.2). Water and an organic 

solvent are usually the solvent of choice for alkaloid extraction; the components of the 

analyte separate into either the aqueous or organic layer depending on their solubility and 

basicity of the compounds. This process helps to extract a mixture of alkaloids after which 

individual alkaloids can be separated by chromatography. The methanol extracts of L. 

sativum (40 g), B. officinalis (10 g) and U. tomentosa (48 g) were subjected to alkaloid 

extraction. Each extract was re-suspended in water, acidified with 2 mL concentrated 

hydrochloric acid (HCl) and extracted three times with 250 mL of ethyl acetate (EtOAc). The 
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Figure 2.2 Liquid-liquid extraction of alkaloidal mixture from U. tomentosa methanol extract 

remaining aqueous layer was basified with 2.5 mL concentrated aqueous ammonium 

solution and extracted again three times with 250 mL of EtOAc. The EtOAc layer (organic 

layer) was dried under vacuum and tested for the presence of alkaloids using Dragendorff’s 

reagent. The extracts that tested positive to Dragendorff’s reagent were further subjected to 

chromatographic methods to isolate the pure alkaloids. The isolation schemes for the various 

alkaloids are described in sections 3.2.4 and 3.2.7. 

  

2.2.4 Preparation of Dragendorff’s reagent 

Equal volumes of a solution of 1.7 g bismuth nitrate, 20 mL glacial acetic acid in 80 mL water 

and a solution of 16 g potassium iodide in 40 mL water were mixed. Ten milliliter of this 

mixture was added to 20 mL glacial acetic acid and made up with 100 mL water to give the 

Dragendorff’s reagent. All the reagents for this preparation were purchased from Sigma-

Aldrich, UK. 

Organic 
layer 

Aqueous 
layer 
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2.3 Chromatographic Techniques 

Chromatographic techniques are used to separate components of an analyte between two 

phases; this is the stationary and mobile phases. For this project liquid chromatographic 

methods with solid stationary phases were used for the fractionation and purification. The 

solid stationary phases were silica gel and octadecyl carbon chain (C18) bonded silica. Silica 

gel was used mostly for the separation of non-polar extracts and sometimes for polar 

extracts when hydrophilic-interaction chromatography (HILIC) was adopted. C18 silica gel 

was used for the separation of polar extracts.  

For normal phase chromatography, a polar stationary phase and a non-polar mobile phase 

are used whilst in reversed phase chromatography, non-polar stationary phases with a polar 

mobile phase are used. Separation in normal and reversed phase chromatography is 

achieved mostly by adsorption and partition. 

HILIC is used for the separation of polar compounds just like reversed phase 

chromatography but it uses polar stationary phase and mobile phase for elution. The elution 

order in HILIC is almost the reverse of that of reversed phase chromatography. It utilizes 

polar stationary phases such as silica gel, hybrid silica, zwitterion, amide and diol phases. 

The mobile phase is mostly a polar aprotic solvent with a small amount of water (3 - 30%). At 

least 3% water is necessary to produce hydrophilic partition, a separation mechanism for 

HILIC.  A commonly used aprotic solvent is acetonitrile, although acetone can also be used. 

 

2.3.1 Thin Layer Chromatography (TLC) 

Thin layer chromatography is a separation method used for the separation of non-volatile 

mixtures. It is simple, fast and an inexpensive method for detection of a wide range of 

compounds. It is sometimes used in bioassay (bioautography) for rapid identification of 
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possible bioactive zones. The main disadvantage of this technique is the uncontrolled flow 

rates of the mobile phase, which distorts separation. 

Analytical TLC was performed on all of the extracts and fractions, and depending on the 

polarity of the sample, normal or reverse phase chromatography was employed. For this 

purpose, a tiny amount of the sample was dissolved in a small amount of appropriate solvent 

and was spotted at a centimeter from the bottom edge of the plate, using a capillary tube. 

The plate was then lowered into a chromatography-developing tank containing a suitable 

solvent system, which migrated up the plate via capillary action, separating the mixture 

according to the polarity of the compounds. The mobile phase was allowed to travel up to 0.5 

cm from the top part of the plate and after which the developed TLC plate was air dried and 

observed under UV-254 nm and 356 nm, in order to determine the absorbance and 

fluorescence properties of the compounds. The plates were then sprayed with appropriate 

detection reagents to visualize the characteristic compounds. To quantify the migration of the 

compounds on a particular plate and solvent system, the retention factor value was 

calculated as the ratio of the migration distance of compound and the migration distance of 

solvent front. 

Preparative TLC was also employed for the further purification of some compounds. The 

procedure was same as analytical TLC. The only exceptions were that the analyte was 

applied as a thin line and separated compounds were scraped off the TLC plate. The 

scraped compounds were separated from the silica by desorbing with a suitable solvent, 

which was then filtered off. The filtrate was dried under vacuum. The dried compounds were 

weighed and stored in the refrigerator. 

 

2.3.2 Gravity Column Chromatography (CC) 

Gravity column chromatography is a separation technique used for the isolation or 

purification of compounds from fractions, mixtures of compounds or extracts. For a gravity 
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column, separation occurs as the mobile phase travels down the stationary phase under the 

influence of gravity. The main advantage of a gravity column is the relative low cost. It is time 

consuming to run gravity columns as the column runs slowly but gives good separation and 

pure compounds. There are two general methods of packing a gravity column: the dry 

method and the wet method.  The difference between the two packing methods is that for the 

dry method, the column is first packed with stationary phase, which is dry and then flushed 

with the mobile phase whilst for the wet method, the column is filled with a prepared slurry of 

the stationary and mobile phase. For this project, the wet method was used for the 

separation of compounds.  

The column was clamped vertically and half-filled with the mobile phase (solvent system). It 

was then filled with slurry of silica gel 60 (70 - 230 mesh; Merck) and the mobile phase. The 

stopcock was opened to allow excess solvent to drain and help the silica gel sediment. Upon 

packing of the silica gel with all necessary precautions taken to avoid disruption in the 

continuity of the packing, a final layer of sand (5-10 mm) was added to the column. This 

prevents disruption of the leveled packing, upon addition of fresh mobile phase. The solvent  

 

 

 

 

 

Figure 2.3 Gravity column chromatograph of a Z. officinale chloroform extract 
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allowed to adsorb onto the surface of the column before eluting with the mobile phase. 

Fractions were collected in a 7 mL glass vial. 

 

2.3.3 Solid Phase Extraction (SPE) 

Solid phase extraction is a chromatographic method used to separate compounds that are 

dissolved or suspended in a liquid. Separation of compounds is achieved by the adsorption 

of an analyte on to a solid phase (cartridge device containing a chromatographic packing 

material) and elution is by the application of a gradient system (mobile phase) of increasing 

eluting power in a stepwise manner under the influence of forced flow using a vacuum 

manifold. In this study, solid phase extraction was applied for the fractionation of extracts 

and purification of compounds. 

The SPE cartridge was attached to the vacuum manifold and conditioned with 200 mL 

methanol after which it was solvated with 200 mL of deionized water for the reverse phase 

cartridge. For normal phase, the cartridge was just conditioned with hexane. The analyte (not 

more than 5% of the cartridge weight) was dissolved in a minimal amount of conditioning  

 

 

 

 

 

Figure 2.4 Solid phase extraction of a M. lowiana methanol extract 
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solvent and dispensed evenly onto the top of the column using a Pasteur pipette. The 

analyte was allowed to adsorb onto the surface of the column before eluting with 100 – 200 

mL of appropriate solvent system. Fractions were collected in 250 mL round-bottom flasks. 

Polar extracts were subjected to reverse-phase solid-phase extraction (Phenomenex® Strata 

Silica C18) using a step gradient system, 10% methanol increments in water. The methanol-

water SPE fractions were dried under vacuum and freeze dried. Non-polar extracts were 

subjected to normal phase solid phase extraction (Phenomenex® Strata Silica S1) using a 

step gradient system with 10% increments of either chloroform or ethyl acetate in hexane. 

The resulting fractions were dried under vacuum. 

 

2.3.4 Vacuum Liquid Chromatography (VLC) 

Vacuum liquid chromatography is a column-based method that uses vacuum to increase the 

flow rate of the mobile phase. It is mostly used for fractionation of large amount of crude 

extracts.  

The column (70 x 170 mm, 70 x 510 mm) was clamped vertically and attached to the 

vacuum and a 250 mL round-bottom flask (Figure 2.5). The column was two-thirds filled with  

 

Figure 2.5 Vacuum liquid chromatography of A. rusticana chloroform extract 
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dry silica gel (230 – 400 mesh; Merck), the vacuum was turned on and the surface was 

pressed to allow compact packing of the silica gel. The column was flushed with the hexane 

to check for voids and channels. The extract (5-13 g) was dissolved in an appropriate 

organic solvent and pre-adsorbed on silica. This was then added as a thin uniform layer on 

top of the column and for compact packing of the analyte, vacuum was applied. A small 

piece of cotton wool was placed at the top of the packed column to protect the leveled 

surface from being disturbed when fresh solvent was introduced. The column was eluted 

with a gradient solvent system and fractions were collected in 250 mL round-bottom flasks.      

 

2.3.5 High Performance Liquid Chromatography (HPLC) 

High performance liquid chromatography is an automated chromatographic technique used 

to identify, quantify and separate components of a mixture. The principles of separation are 

the same like as other liquid-solid chromatographic techniques except that HPLC uses 

pressure to pass the mobile phase and analyte through a column filled with adsorbent 

(stationary phase). HPLC facilitates fast and efficient analysis. Its main disadvantage is that 

it is an expensive piece of equipment to purchase and maintain (Gibbons, 2012). 

In this study both analytical and preparative HPLC were used for the isolation of compounds. 

Analytical work was run on an Agilent 1200 series using an Ascentis® column (C18, 25 cm x 

4.6 mm, 5 µm). The preparative work was run on a Waters 2489 UV/Visible Detector using a 

Phenomenex® Prodigy™ column (ODS-3, 250 x 21.20 mm, 5 µm). The column was first 

washed with 100% methanol at 10 mL/min for 20 min to remove any unwanted material and 

then conditioned with the eluent. A gradient system from 10 to 100% acetonitrile or methanol 

in water and a flow rate 1 mL/min was used for the analytical work.  Based on the separation 

of the compounds as shown in the chromatogram of the analytical HPLC run, a solvent 

system was chosen for the preparative HPLC run. An isocratic system was used for the 
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preparative HPLC runs with a flow rate of 10 mL/min and slight modification in the 

concentration of the analyte.  

2.4 Spectroscopic Methods 

Spectroscopic methods are useful tools that give structural information about a molecule, 

such as the hydrogens and their environment, carbons and their environment, functional 

groups, alternating single and double bonds (conjugation), mass of the molecule and the 

mass fragments. These pieces of information are useful for the structural elucidation of 

compounds and for the study of the behaviour of complex systems. 

In this study, the spectroscopic identification of isolated compounds was carried out using 

Nuclear Magnetic Resonance (NMR) spectroscopy, Mass Spectrometry (MS), Infrared 

spectroscopy (IR) and Ultraviolet-visible spectroscopy (UV).  

Low-resolution mass spectra were recorded on a Thermo Finnigan ThermoQuest Navigator 

instrument and accurate mass data was recorded on a Micromass Q-ToF Premier Tandem 

Mass Spectrometer. The measurement of the mass-to-charge (m/z) ratio and abundance of 

isolated compounds on the mass spectrometers were performed by Dr. Andrew Weston and 

Mr. Emmanuel Samuel at the Research Services, UCL School of Pharmacy.  

IR spectra were recorded as a thin-film on a PerkinElmer Spectrum 100 FT-IR Spectrometer. 

The UV spectra were recorded on a Beckman Coulter Du® 720 UV/Vis Spectrophotometer 

with samples dissolved in methanol. 

 

2.4.1 Nuclear Magnetic Resonance (NMR) Spectroscopy 

Samples (≤ 5 mg) were dissolved in 0.7 mL of deuterated NMR solvents depending on their 

solubility and placed in NMR tubes.  Full NMR spectra (1H, 13C, DEPT-135, HMQC, HMBC, 
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COSY, and NOESY) were acquired for the structure elucidation on a Bruker Avance 500 

MHz spectrometer. The deuterated NMR solvents and tubes were purchased from Sigma-

Aldrich and Cambridge Isotope Laboratories. All chemical shift values were given in parts 

per million (ppm) and calibration was achieved by reference to the solvent peaks. Coupling 

constants (J values) were reported in Hertz (Hz). 

Table 2.2 Chemical shifts of NMR solvent signals used in this study 

Solvent 1H NMR Chemical shift 
(ppm) 

13C NMR Chemical shift 
(ppm) 

Acetone-d6 2.05 206.7, 29.9 
Chloroform-d 7.26 77.2 
Dimethyl sulfoxide-d6 2.50 39.5 
Methanol-d4 3.31 49.1 
Water (D2O) 4.8  

The NMR spectra for AK-11 (UtSPE 8*) (Figures 2.7 - 2.13), an oxindole alkaloid isolated 

from U. tomentosa will be used to illustrate the NMR experiments used in the structure 

elucidation of compounds throughout this project. 

 

 

 

 

 

Figure 2.6 Structure for AK-11 
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2.4.2 Proton (1H) NMR Spectroscopy 

Figure 2.7 1H NMR spectrum for AK-11, recorded in DMSO-d6, 500 MHz 
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The 1H NMR spectrum provides information on the number of protons within a compound 

and the chemical environment of the protons (chemical shift (δ)).  The chemical shift of a 

proton shows the shielding and deshielding effect of neighbouring electron donating or 

withdrawing groups, respectively. Shielded protons resonate at lower chemical shift values, 

whereas deshielded protons resonate at higher chemical shift values. Deshielding of protons 

is caused by electron withdrawing groups such as carbonyl groups, conjugated systems and 

heteroatoms (oxygen, fluorine and nitrogen). Integration shows the number of protons 

associated with a group in the same chemical environment. The splitting pattern (spin 

multiplicity) of a proton signal represents the number of neighbouring protons in a system, 

using the n+1 rule, where n is the number of neighbouring non-equivalent protons. A doublet 

or triplet split pattern of a proton indicates the presence of one or two neighbouring proton, 

respectively. An unsplit signal (singlet) is observed when there are no adjacent protons. 

Coupling constants (J values) give indication of how strongly a group couples to another. 

They are measured by the distance between two adjacent sub-peaks in a split signal 

multiplied by the field strength. For example, the doublet at 6.79 ppm (Figure 2.7) has a J = 

8.0 Hz, it was calculated by finding the difference between the two sub-peaks, 6.798 and 

6.814 ppm and the value was multiplied by the field strength of 500 MHz. 

  

2.4.3 Carbon (13C) NMR Spectroscopy 

The 13C broadband decoupled NMR spectrum provides information on the number of carbon 

nuclei within a compound and the chemical environment of the carbons. Like 1H NMR 

spectra, shielded carbons resonate at lower chemical shift values and deshield carbons 

resonate at higher chemical shift values.  
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2.4.4 Distortionless Enhancement by Polarisation Transfer (DEPT-135) 

 DEPT-135 provides useful information on the type of carbon when compared to the 13C  

broadband decoupled NMR spectrum. It tells whether the carbon signal is a methine (-CH), 

methyl (-CH3), methylene (-CH2) or quaternary carbon.  In the DEPT spectrum, methine and 

methyl carbons appear as on one side while methylene carbons are shown on the other 

side. Quaternary carbons signals are absent in DEPT spectra so by comparison with the 13C 

NMR spectrum, the quaternary carbon can be identified. 

 

2.4.5 Heteronuclear Multiple-Quantum Correlation (HMQC) Spectroscopy 

Heteronuclear multiple-quantum correlation spectra show the direct bonding between carbon 

and proton nuclei. The HMQC spectrum is two-dimensional spectrum with the 13C spectrum 

displayed on the left axis and the 1H spectrum displayed on the top axis. HMQC 1H-13C 

correlations are shown as cross peaks in the spectrum. Carbon atoms that have no attached 

protons and protons bonded to other heteroatoms do not show cross peaks. 



 

 

48 

 

 

 

 

 

 

 

 

Figure 2.8 13C NMR spectrum for AK-11 
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Figure 2.9 DEPT-135 NMR spectrum for AK-11 
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Figure 2.10 HMQC NMR spectrum for AK-11 
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Figure 2.11 HMBC NMR spectrum for AK-11 
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2.4.6 Heteronuclear Multiple-Bond Correlation (HMBC) 

Heteronuclear multiple-bond correlation spectra show long-range correlation between carbon 

and proton nuclei. The correlation could be over two to three bonds distant and it is 

sometimes referred to as 2J and 3J respectively. Like HMQC, its spectrum is presented with 

a 13C NMR displayed on the left axis and 1H NMR spectrum to the top axis. Information from 

this heteronuclear experiment allows structural fragments to be assembled.  

 

2.4.7 Correlation Spectroscopy (COSY) 

This experiment shows coupling between protons (1H-1H) over two to three bonds and 

sometimes four bonds distant. COSY spectra can also display long range coupling such as 

five bonds distant but these are rare. In the COSY spectrum, a 1H NMR spectrum is plotted 

on both sides of the axes resulting in the display of two types of peaks, a diagonal and cross 

peaks. The diagonal peaks show the proton signals in the 1H NMR, while the cross peaks 

indicate couplings between pairs of protons.  

 

2.4.8 Nuclear Overhauser Effect Spectroscopy (NOESY) 

Nuclear Overhauser Effect Spectroscopy shows through space coupling of protons (1H-1H) 

and it is important for the determination of the stereochemistry. The spectrum format is 

similar to that of the COSY experiment except that it displays both through space and bond 

coupling signals. It is therefore important to compare both COSY and NOESY spectra to be 

able to make a distinction between cross peaks indicative of through space coupling or bond 

coupling. Unlike the COSY spectrum however, the cross peak signals in NOESY spectra are 

not symmetrical.  
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Figure 2.12 COSY spectrum for AK-11 
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SFO1        500.1327554 MHz

====== GRADIENT CHANNEL =====
GPNAM[1]       SINE.100
GPZ1              10.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  128
SFO1           500.1328 MHz
FIDRES        42.459240 Hz
SW               10.867 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          500.1300049 MHz
WDW                SINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          500.1300049 MHz
WDW                SINE
SSB      0
LB       0 Hz
GB       0

Sample Ref UtSPE8*

-CH3 

H-19 

-CH3/ H-19 



 

 

54 

 

Figure 2.13 NOESY spectrum for AK-11 
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2.5 Biological Methods 

2.5.1 Bacterial and Fungal Strains 

The extracts, fractions, isolated compounds and some purchased compounds were 

screened against Staphylococcus aureus, Escherichia coli and Candida spp for antibacterial 

and antifungal activity. In addition antibiotic potentiation activity studies were conducted on 

the S. aureus strains expressing distinct efflux-related multidrug-resistance pumps. All 

bacterial and fungal strains used for the activity study are outlined in Table 2.3. 

Table 2.3 Summary of bacterial and fungal strains used  

STRAIN SOURCE NOTES 

S. aureus 1199B G. Kaatz (Kaatz 

et al., 1993) 

A multidrug-resistant S. aureus strain 

that over expresses the NorA efflux 

mechanism and possesses a gyrase 

mutation, both contribute to a high level 

of resistance to certain 

fluoroquinolones. 

S. aureus XU212 E. Udo (Gibbons 

and Udo, 2000) 

Tetracycline-resistant S. aureus strain 

XU212 possesses the TetK tetracycline 

efflux protein and mecA genes. 

S. aureus RN4220 J. Cove 

(Reynolds and 

Cove, 2005) 

A macrolide and type B streptogramin-

resistant S. aureus strain possesses 

the Msr(A) genes. 

S. aureus ATCC 25923 ATCC Susceptibility testing control strain 

E. coli NCTC 10418 NCTC Control strain 

C. albicans ATCC 66027 ATCC Control strain 

C. tropicalis ATCC750 ATCC Control strain 

ATCC – American Type Culture Collection, NCTC – National Collection of Type Cultures 
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2.5.2 Minimum Inhibitory concentration assay 

2.5.2.1  Antibacterial testing 

The in vitro antibacterial activity of extracts, fractions, isolated compounds and some 

purchased compounds was assessed by the broth microdilution method as described by 

Andrews (2001). All bacterial strains were sub-cultured on nutrient agar (Fluka Analytical) 

and incubated at 37°C for 24 h. An inoculum suspension of 1.0 x 108 cfu/mL was prepared in 

normal saline (0.9%w/v) by comparing with the 0.5 McFarland turbidity standard. This 

bacterial suspension was further diluted in normal saline and growth medium to yield a final 

5 x 105 cfu/mL in the assay. Antibacterial agents (norfloxacin, tetracycline, erythromycin and 

ciprofloxacin; Sigma-Aldrich) were used as controls for the assay. Mueller Hinton Broth 

(MHB; Fluka Analytical) was used as the growth media. Calculated quantity of test samples 

and control antibiotics were prepared by dissolving in dimethylsulphoxide (DMSO; Panreac 

AppliChem) and further diluted in MHB. DMSO and diluents concentrations used in the 

experiment had no inhibitory activity against bacterial growth. Sterile MHB (100 µL) was 

dispensed into wells in columns 1 to 11 of a 96 well microtitre plate. Test sample (100 µL) or 

antibiotic (100 µL) were then introduced into wells in column 1 in their respective demarcated 

positions and serially diluted across the plate (from 512 to 1 μg/mL). The wells of column 11 

were used as the growth control so no drug was introduced into these wells. The inoculum 

(100 µL) was then added to all wells except wells in column 12 which served as a sterile 

control. The assay plate was incubated at 37°C and results were determined at 24 h. 

Results were determined by visual inspection after the addition of 20 µL of a 1 mg/mL 

methanolic solution of 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT; 

Sigma-Aldrich) to the assay plate and incubated at 37°C for 20 min. A colour change from 

yellow to dark blue was indicative of bacterial growth. The MIC values were recorded as the 

lowest concentration at which no colour change was observed this is no bacterial growth. 

MIC values were determined in duplicate per plate and repeated in at least two independent 

experiments. 
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2.5.2.2  Antifungal testing 

The in vitro antifungal activity of some isolated compounds was assessed by the broth 

microdilution method according to the guidelines of European Committee for Antimicrobial 

Susceptibility Testing (EUCAST) (Rodríguez-Tudela et al., 2003). The fungal strains were 

sub-cultured on Sabouraud dextrose agar (Oxoid) and incubated for 24 h at 37°C prior to 

MIC determination. Antifungals (amphotericin B, itraconazole and ketoconazole; Sigma-

Aldrich) were used as controls for the assay. The growth media for the assay was prepared 

by autoclaving a calculated quantity of Roswell Park Memorial Institute (RPMI)-1640 medium 

(AutoMod™), which was supplemented with glucose to a final concentration of 2% and with 

0.165 M 3-(N-morpholino)-propanesulfonic acid (MOPS) as the buffer. Sodium hydroxide (10 

M) was used to adjust the pH to 7.0 and thereafter L-glutamine (0.3 g/L) was sterile-filtered 

into the cooled autoclaved media. Materials for the preparation of the growth media were 

purchased from Sigma-Aldrich and Fischer Scientific. The preparation of test samples, 

control antifungals, an inoculum density of 5 x 105 cfu/mL, broth dilution plates and 

incubation conditions were done as per section 2.5.2.1 for antibacterial testing. Results were 

determined by visual inspection before and after the addition of MTT. The MIC of 

amphotericin B and test samples were recorded as the lowest concentration with no visible 

fungal growth. For the azole antifungals, the MIC was determined as the lowest 

concentration that resulted in an 80% reduction in turbidity as compared to the drug-free 

control. MIC values were determined in duplicate per plate and repeated in at least two 

independent experiments. 

 

2.5.3 Antibiotic Potentiation Assay 

All strains were cultured on nutrient agar at 37°C for 24 h prior to MIC determination. 

Bacterial suspension of 5 x 105 cfu/mL was prepared for each strain as per section 2.5.2.1 

on antibacterial testing. Test samples, antibiotics (norfloxacin, tetracycline and erythromycin) 
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and reserpine (Sigma-Aldrich) were prepared by dissolving in DMSO. The concentration of 

the modulators (i.e. test samples and reserpine) remained the same throughout the 

experiment whereas the antibiotics were serially diluted across the plate. The MIC of 

antibiotics was determined in combination with the sub-inhibitory concentration of the test 

samples (i.e. a quarter of the MIC). 20 μg/mL of reserpine, a known modulator, was used as 

the control for comparison purposes. This method was adapted from Smith et al., (2005). 

100 µL of double strength test sample was introduced into wells of column 1 of a 96 well 

microtitre plate. 100 µL of single strength test sample was introduced into wells of column 2 

to 10. Then 100 µL of antibiotic was dispensed into wells of column 1 and serially diluted 

across the assay plate. The wells of column 11 were used the as growth control, hence no 

drug was dispensed into these wells. The final volume from wells of column 10 was 

dispensed into wells of column 12. 100 µL of sterile MHB was dispensed into wells of column 

11. The inoculum (100 µL) was then added to all wells except wells in column 12 which 

served as a sterile control. The assay plate was incubated at 37°C for 18 h. MIC was 

determined by visual inspection after the addition of MTT and incubation for 20 min. MIC 

values were determined in duplicate per plate and again repeated in at least two 

independent experiments. 

 

2.5.4 Bacterial Plasmid Conjugation Inhibition Assay 

Principle of Conjugal Transfer of Antibiotic Resistance  

The goal of this experiment was to identify compounds that inhibited conjugal transfer of 

antibiotic resistance between two bacterial strains with disparate resistance determinants. 

The assay involves the mixture of a donor that possesses a transferable resistant 

determinant to be examined, and the recipient must be susceptible to the antibiotic to which  
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the transferable determinant confers. The recipient must also have one or more antibiotic-

resistance markers to which the donor is susceptible. The resistant characteristics of the 

recipient should be chromosomally-encoded and non-transferable, to allow positive 

identification. These resistance traits allow growth of transconjugants in media with two 

antibiotics but inhibit the growth of both the recipient and the donor. Transconjugants are 

recipients that have acquired the transferable determinants from donors.  

 

Bacterial strains and plasmids  

E. coli cells harbouring plasmids used in this study have been outlined in Table 2.4. 

Table 2.4 Summary of E. coli strains and plasmids used  

Strain Plasmid 
Incompatibility 

(Inc) group 

Resistance 

markers 
Source 

Donor 

WP2 pKM101 N Ap Deutsche Sammlung von 

Mikroorganismen und 

Zellkulturen (DSMZ) 

K12 J53-2 TP114 I2 Km 

K12 J53-2 R7K W Ap, Sm, Sp 

K12 JD173 pUB307 P Km, Tc 

Prof. Keith Derbyshire, 

Wadsworth Center, New 

York Department of 

Health 

Recipient 

ER1793 - - Sm 
New England BioLabs 

JM109 - - Nal 

Ap, Ampicillin; Km, Kanamycin; Tc, Tetracycline; Sm, Streptomycin; Sp, Spectinomycin; Nal, Nalidixic acid. DSMZ is 

the German Collection of Microorganisms and Cell Cultures GmbH. 
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Assay 

Five mL of Luria-Bertani broth (LB; Fisher Scientific) was inoculated with 2 - 3 single colonies 

from a recipient culture and the same procedure was repeated for the donor culture. Both 

recipient and donor inoculum were incubated overnight at 37°C. The overnight culture was 

serially diluted with phosphate buffered saline (PBS; Sigma-Aldrich) to determine the number 

of donor and recipient colony forming unit (cfu) prior to conjugation. Conjugation was 

performed as previously described by Rice and Bonomo (2005) with slight modifications. 20 

µL of the donor and 20 µL of the recipient were dispensed into a 96 well microtitre plate with 

160 µL of LB broth and a calculated quantity of the test sample. Test samples were 

assessed for anti-conjugative activity at sub-inhibitory concentrations (one-quarter the MIC). 

The assay plate was incubated overnight at 37°C. The overnight conjugation mixture was 

serially diluted and to determine the number of transconjugants and donors, 20 µL was 

plated onto antibiotic containing MacConkey agar (Sigma-Aldrich) plate. This was incubated 

overnight at 37°C. Novobiocin and linoleic acid (Sigma-Aldrich) were used as the positive 

plasmid transfer inhibitor control drugs at sub-inhibitory concentrations. Antibiotics and the 

concentrations used in MacConkey agar for positive identification of donors, recipients and 

transconjugants (μg/mL): amoxicillin (50), streptomycin sulphate (20), nalidixic acid (30), 

kanamycin sulphate (20 and 30) (Sigma-Aldrich). Donor cells with plasmids pKM101, TP114 

and pUB307 were paired with the recipient ER1793 and plasmid R7K donor cells were 

paired with the recipient JM109 for the assay. Conjugation frequency was calculated as the 

ratio of total number of transconjugants (cfu/mL) to the total number of donor (cfu/mL) and 

expressed as a percentage relative to the negative control. This experiment was performed 

as duplicate in three independent experiments. 
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2.5.5 Plasmid Elimination Assay 

The isolated compounds that showed promising anti-conjugative activity were further 

assessed for plasmid-eliminating activity by a slightly modified version of the agar plate 

method described by Hooper (1984). The E. coli donor strains in Table 2.5.4 were sub-

cultured on MacConkey agar plates supplemented with the appropriate antibiotic, to ensure 

plasmid presence. LB (5 mL) was inoculated with 2-3 single colonies of the E. coli cells 

harbouring plasmids. This was incubated at 37°C for 24 h and the cfu determined prior to the 

assay. The overnight culture (20 µL) was then added to 180 µL LB and calculated quantity of 

test sample in a 96 well microtitre plate and incubated overnight (24 h) at 37°C. Test 

samples were evaluated for plasmid elimination activity at sub-inhibitory concentration (one-

quarter of the MIC). The overnight mixture was serially diluted, 20 µL was then plated on 

antibiotic containing MacConkey agar and incubated at 37°C for 24 h. Promethazine (Sigma-

Aldrich) a known anti-plasmid agent was used as the control drug to demonstrate plasmid 

elimination. Plasmid elimination was calculated as the difference between the total number 

of colonies without test sample and with test sample expressed as a percentage relative to 

the total number of colonies without test sample. Antibiotics and concentrations used in 

MacConkey agar for positive identification of E. coli cells harbouring plasmids (μg/mL): 

amoxicillin (50) and kanamycin sulphate (20 and 30). This experiment was performed as 

duplicate in three independent experiments. 

  

2.5.6 Cytotoxicity Testing 

Compounds that showed promising anti-conjugative activity without plasmid-eliminating 

activity were further screened for their cytotoxic effect on human dermal fibroblasts, adult 

(HDFa) cells (C-013-5C; Thermo Fisher Scientific). The Sulforhodamine B (SRB) assay as 

previously described by Skehan (1990) was adapted for the cytotoxicity screening. In this 

method,    cell    number    was    estimated    by    the    determination    of    cell    density  



 

 62 

based on the staining of proteins with SRB. The HDFa cells were also grown in a 75 cm2 

culture flask and maintained in Dulbecco’s Modified Eagle’s Medium (DMEM; Gibco). The 

DMEM was supplemented with 10% FBS, 1% non-essential amino acids (NEAA; Gibco), 

0.1% gentamicin and amphotericin B (Sigma-Aldrich) solution to prevent bacterial growth. 

The cells were maintained at 37°C in a humidified atmosphere of 5% carbon dioxide. The 

medium was also used for cell seeding and as a diluent for test samples. The cells were 

seeded in a 96 well microtitre plate and the calculated quantity of test samples were added 

and incubated at 37°C. At 72 h of incubation, 50 µL of cold 40%w/v trichloroacetic acid (TCA; 

Sigma-Aldrich) solution was dispensed into the cell culture to promote cell fixation. The plate 

was then incubated at 4°C for an hour and washed four times with distilled water. The TCA-

fixed cells were stained with 0.4% w/v SRB solution (Sigma-Aldrich) and left at room 

temperature for an hour. Afterwards, the plate was rinsed four times with 1% acetic acid 

(Sigma-Aldrich), flicked to remove unbound dye and dried overnight (24 h). Prior to optical 

density determination, 100 µL of 10 mM Tris buffer (Sigma-Aldrich) solution was dispensed 

into the wells and agitated in an orbital shaker for 5 min, this allowed solubilisation of the 

SRB-protein complex. The optical density (OD) was then measured at 510 nm using a 

microtitre plate reader. Percentage change in cell growth was calculated as: 

Percentage of viable cell = OD!"# of test sample - OD !"#of blank
OD!"# of control - OD!"# of blank   ×  100 

This experiment was performed in triplicate in three independent experiments. Mohd Mukrish 

Mohd Hanafi at the Cell Culture Laboratory, Research Department of Pharmaceutical and 

Biological Chemistry, UCL School of Pharmacy kindly performed this cytotoxicity screening.  

Data from each experiment, bacterial plasmid conjugation inhibition, plasmid elimination and 

cytotoxicity were expressed as the mean and respective standard deviation (SD). 

Differences between the control and the test samples were evaluated by Student's t-test 

(GraphPad software). Values of p < 0.05 were considered significant.  
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Chapter 3  Results and Discussion	

3.1 Crude Extracts 

Crude extracts were obtained from 0.2 - 1 kg of the powdered plant materials with hexane or 

petroleum ether, chloroform and methanol using either Soxhlet or ultrasound-assisted 

extraction method. The extracts were first assessed for antibacterial activity against E. coli 

NCTC 10418. All the extracts had no inhibitory activity against E. coli NCTC 10418 even at a 

concentration of 512 μg/mL. The extracts were further assessed for anti-conjugative activity 

against E. coli strains, as the aim of the project was to isolate compounds that inhibited the 

conjugal transfer of antibiotic resistance between bacterial strains but not kill the bacteria or 

inhibit its growth. Hence antibacterial activity of the extracts was not mandatory making all 

the extracts good candidates for this assay. Screening for antibacterial activity was 

necessary as the results informed the concentrations needed for the bacterial plasmid 

conjugation inhibition assay. Table 3.1 summarizes the conjugative activity for each extract 

at a sub-inhibitory concentration of 100 μg/mL against E. coli strains harbouring plasmids 

with antibiotic resistance makers. Low percentage transfer frequency was indicative of active 

inhibition of bacterial conjugation while high percentage transfer frequency was indicative of 

poor inhibition or promotion of bacterial conjugation. A transfer frequency of less than 10% 

was considered active, 10 - 50% was considered moderately active and greater than 50% 

was considered as poorly active. Extracts with a transfer frequency ≥ 120% was considered 

as inactive and to be promoters or enhancers of bacterial conjugation.  
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Table 3.1 The effects of plant extracts on the conjugal transfer of selected plasmids 

Extracts 
Transfer Frequency (%) 

pKM101 
IncN 

TP114 
IncI2 

pUB307 
IncP 

R7K 
IncW 

S. alba 
chloroform 13.5 ± 4.9 94.5 ± 2.1 64.0 ± 3.6 33.0 ± 4.4 

methanol 9.0 ± 2.8 66.5 ± 7.8 50.3 ± 6.8 > 120.0 

A. rusticana 

hexane > 120.0 > 120.0 > 120.0 > 120.0 

chloroform > 120.0 > 120.0 > 120.0 75.0 ± 4.0 

methanol > 120.0 15.5 ± 7.2 15.1 ± 3.8 > 120.0 

B. oleracea 

hexane > 120.0 > 120.0 42.5 ± 19.1 75.0 ± 2.7 

chloroform > 120.0 > 120.0 69.5 ± 19.5 > 120.0 

methanol > 120.0 38.0 ± 13.9 43.3 ± 18.5 > 120.0 

L. sativum 
Petroleum 
ether 

13.5 ± 10.6 42.5 ± 6.4 > 120.0 > 120.0 

methanol 10.5 ± 6.4 72.0 ± 28.9 > 120.0 > 120.0 

Z. officinale 

hexane 3.5 ± 0.7 47.0 ± 7.1 71.9 ± 34.7 59.9 ± 
10.0 

chloroform 44.5 ± 16.3 44.5 ± 5.0 > 120.0 > 120.0 

methanol 6.5 ± 0.7 42.0 ± 7.0 90.5 ± 37.1 > 120.0 

M. lowiana 

hexane > 120.0 > 120.0 47.5 ± 4.2 11.4 ± 6.5 

chloroform > 120.0 > 120.0 42.6 ± 4.2 > 120.0 

methanol > 120.0 48.8 ± 7.7 13.5 ± 5.4 30.0 ± 0.5 

B. officinalis 

hexane 73. 5 ± 1.7 78.0 ± 17.0 > 120.0 > 120.0 

chloroform 27. 0 ± 4.2 45.5 ± 5.0 > 120.0 > 120.0 

methanol 6.0 ± 2.8 46.5 ± 3.5 > 120.0 > 120.0 

U. tomentosa 

hexane > 120.0 > 120.0 69.6 ± 13.4 > 120.0 

chloroform > 120.0 > 120.0 61.5 ±19.1 64.0 ± 4.2 

methanol > 120.0 112.0 ± 27.6 > 120.0.0 54.0 ± 
15.6 

Positive 
control 

Novobiocin 10 
μg/mL 

- 17.0 ± 4.2 27.5 ± 0.71 - 

Linoleic acid 
200 μg/mL 

- - - 16.3 ± 3.7 

Negative control 100 100 100 100 

The values represent the mean transfer frequency (%) ± SD of at least three independent experiments 

From the anti-conjugation screening, activity was observed mostly for the methanol extracts 

and some chloroform extracts. Based on these results, extracts with promising anti-
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conjugative activity of ≤15% were further worked on in an attempt to isolate the bioactive 

principles. 

3.2 Isolation and Structure Elucidation 

3.2.1 Isolation from S. alba 

Powdered S. alba seeds (1kg) were successively extracted with hexane, chloroform and 

methanol; this gave a yield of 28.0%, 21.7% and 8.3%, respectively. The active methanol 

extract was subjected to silica gel gravity column chromatography and reversed-phased 

SPE, which gave two glucosinolate compounds, AK-1 (7.5 mg) and AK-2 (27.1 mg), 

respectively. AK-1 was eluted with acetonitrile, methanol and water  (7:2:1, v/v) from a 2.4 g 

methanol extract whilst AK-2 was eluted with water and methanol (7:3, v/v) from a gram of 

methanol extract.  

3.2.1.1 Characterisation of AK-1 as 3-butenyl glucosinolate 

AK-1 was isolated as an amorphous greenish bluish solid from the methanol extract of S. 

alba. The accurate mass measurement gave an [M-H]¯ ion at m/z 372.0406 which suggested 

that its molecular formula was C11H18NO9S2
¯. The 1H NMR data were characteristic of an 

alkenyl glucosinolate, organic compounds commonly found in the Brassica species (Fahey 

et al., 2001). 

 

Figure 3.1 Structure for AK-1 
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The NMR and IR spectra data showed the presence of a β-thioglucoside N-hydroxysulfate 

moiety that carried an alkenyl side chain. The IR spectrum revealed a C=N (1641.19 cm-1), 

an sulfonic acid group (916.68 – 877.15 cm-1) and a C-S (642.89 cm-1) absorption bands 

indicating of the presence of these functional groups. The 1H NMR resonance spectral 

between δH 3.23 to 4.83 accounted for the oxymethine hydrogens of a glucose moiety 

(Figure 3.2). The proton signals at δH 2.70, 2.47, 4.99 and 5.89 accounted for the hydrogens 

on the alkyl chain. The 13C and DEPT-135 NMR spectra (Figure 3.3) revealed the anomeric 

carbon (C-1’, δC 83.8), oxymethines (C-2’ to 5’, δC 71.2 to 82.4) and the oxymethylene (C-6’, 

δC 62.7) carbons for the glucose moiety. It also showed the methine (C-4, δC 138.5), 

methylenes (C-2 δC 33.1 and C-3 δC 32.6) and exomethylene (C-5, δC 115.9) carbons of the 

alkyl chain. The presences of the quaternary carbon (C-1, δC 161.0) bonded to a β-

thioglucoside N–hydroxysulfate moiety was also confirmed by the 13C and DEPT-135 NMR 

spectra.  The glucose moiety and alkenyl chain were structurally assigned by the HMBC 

correlations as shown in Figure 3.6 and Table 3.2. The HMBC spectrum (Figure 3.4) 

revealed the thioglucosidic linkage of hydrogen H-1’ (δH 4.81) to the quaternary carbon, C-1 

(δC 161.0) of the sulphonated oxime by a 3J correlation. The NOESY spectrum showed the 

correlation between the H-1’ of the glucose moiety and the H-2 (δH 2.70) of the alkenyl chain. 

Compound AK-1 was therefore identified as (E)-(1-((3,4,5-trihydroxy-6-(hydroxymethyl) 

tetrahydro-2H-pyran-2-yl)thio)pent-4-en-1-ylidene)aminosulfate commonly known as 

gluconapin or 3-butenyl glucosinolate. The 1H and 13C NMR data of this compound are in 

good agreement with published literature for the isolation of 3-butenyl glucosinolate from 

broccoli seeds (Brassica oleracea var. italica) and brown mustard seeds (Brassica juncea) 

(Du et al., 2008; Wang et al., 2014). Additionally, this compound has been reported for in 

Brassica campestris L. ssp. Peckinensis, (Chinese cabbage), Brassica napus L. var. oleifera 

(rapeseed) (Charpentier et al., 1998; Kim et al., 2004).  
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Figure 3.2 1H NMR spectrum for AK-1, recorded in CD3OD, 500 MHz 
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F2 - Processing parameters
SI                32768
SF          500.1300109 MHz
WDW                  EM
SSB      0
LB                 0.30 Hz
GB       0
PC                 1.00

Sample Ref MMFr 14

H-3 
H-2 

H-2’ 

H-4’ 

H-5’ 

H-3’ 
H-6’ 

H-1’ 

H-5 

H-4 
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Figure 3.3 DEPT-135 NMR spectrum for AK-1, recorded in CD3OD, 500 MHz 
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Current Data Parameters
NAME     ak1-Mar25-2015-12
EXPNO                12
PROCNO                1

F2 - Acquisition Parameters
Date_          20150327
Time               8.52
INSTRUM           av500
PROBHD   5 mm CPQNP 1H/
PULPROG         dept135
TD                65536
SOLVENT            MeOD
NS                  512
DS                    4
SWH           30030.029 Hz
FIDRES         0.458222 Hz
AQ            1.0911744 sec
RG              14596.5
DW               16.650 usec
DE                 6.00 usec
TE                300.0 K
CNST2       145.0000000
D1           2.00000000 sec
D2           0.00344828 sec
D12          0.00002000 sec
TD0                   1

======== CHANNEL f1 ========
NUC1                13C
P1                11.70 usec
P2                23.40 usec
PL1                5.00 dB
PL1W        27.88092041 W
SFO1        125.7703643 MHz

======== CHANNEL f2 ========
CPDPRG[2        waltz16
NUC2                 1H
P3                13.50 usec
P4                27.00 usec
PCPD2             72.70 usec
PL2                1.75 dB
PL12              16.37 dB
PL2W         6.79915619 W
PL12W        0.23466858 W
SFO2        500.1320005 MHz

F2 - Processing parameters
SI                32768
SF          125.7575998 MHz
WDW                  EM
SSB      0
LB                 1.00 Hz
GB       0
PC                 1.40

Sample Ref MMFr 14

C-4 

C-5 
C-3 

C-2 

C-6’ 

C-5’ 
C-2’ 

C-3’ 

C-4’ 
C-1’ 
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Figure 3.4 HMBC NMR spectrum for AK-1 
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Current Data Parameters
NAME     ak1-Mar25-2015-12
EXPNO                14
PROCNO                1

F2 - Acquisition Parameters
Date_          20150328
Time              21.24
INSTRUM           av500
PROBHD   5 mm CPQNP 1H/
PULPROG  inv4gplplrndqf
TD                 1024
SOLVENT            MeOD
NS                   16
DS                   16
SWH            2062.706 Hz
FIDRES         2.014362 Hz
AQ            0.2482176 sec
RG                46341
DW              242.400 usec
DE                 6.00 usec
TE                300.0 K
CNST2       145.0000000
D0           0.00000300 sec
D1           1.32940102 sec
D2           0.00344828 sec
D6           0.06500000 sec
D13          0.00000400 sec
D16          0.00020000 sec
IN0          0.00001590 sec

======== CHANNEL f1 ========
NUC1                 1H
P1                13.90 usec
P2                27.80 usec
PL1                2.00 dB
PL1W         6.41881752 W
SFO1        500.1321164 MHz

======== CHANNEL f2 ========
NUC2                13C
P3                11.75 usec
PL2                5.00 dB
PL2W        27.88092041 W
SFO2        125.7702953 MHz

====== GRADIENT CHANNEL =====
GPNAM[1]       SINE.100
GPNAM[2]       SINE.100
GPNAM[3]       SINE.100
GPZ1              50.00 %
GPZ2              30.00 %
GPZ3              40.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  128
SFO1           125.7703 MHz
FIDRES       245.645111 Hz
SW              250.000 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          500.1300109 MHz
WDW                SINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          125.7576104 MHz
WDW                SINE
SSB      0
LB       0 Hz
GB       0

Sample Ref MMFr 14

H-1’/C-1 
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Figure 3.5 COSY NMR spectrum for AK-1 
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Current Data Parameters
NAME     ak1-Mar25-2015-12
EXPNO                15
PROCNO                1

F2 - Acquisition Parameters
Date_          20150328
Time              22.21
INSTRUM           av500
PROBHD   5 mm CPQNP 1H/
PULPROG        cosygpqf
TD                 2048
SOLVENT            MeOD
NS                    8
DS                    8
SWH            2062.706 Hz
FIDRES         1.007181 Hz
AQ            0.4964352 sec
RG                   64
DW              242.400 usec
DE                 6.50 usec
TE                300.0 K
D0           0.00000300 sec
D1           1.14487600 sec
D13          0.00000400 sec
D16          0.00020000 sec
IN0          0.00048480 sec

======== CHANNEL f1 ========
NUC1                 1H
P0                13.90 usec
P1                13.90 usec
PL1                2.00 dB
PL1W         6.41881752 W
SFO1        500.1321164 MHz

====== GRADIENT CHANNEL =====
GPNAM[1]       SINE.100
GPZ1              10.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  128
SFO1           500.1321 MHz
FIDRES        16.114893 Hz
SW                4.124 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          500.1300109 MHz
WDW                SINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          500.1300109 MHz
WDW                SINE
SSB      0
LB       0 Hz
GB       0

Sample Ref MMFr 14

H-2 / H-3 
H-5 / H-3 H-4 / H-3 

H-1’ / H-2’ 
H-6’ / H-5’ 

H-3’ / H-2’ 

H-4 / H-5 
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Figure 3.6 HMBC (solid arrow) and NOESY (dotted arrow) correlations for AK-1 

Table 3.2 1H and 13C NMR spectral data (ppm) and HMBC correlations of AK-1, recorded in 
methanol-d4 

Position 1H 13C 2J 3J 

13C 
Du et al., 

2008 
(CD3OD, 
125 MHz) 

1 - 161.0   161.6 
2 2.70, 2.78 m 33.1 C1, C3 C4 33.0 
3 2.47 (2H) q 32.6 C2, C4 C1, C5 32.9 
4 5.89 m 138.5 C3  138.2 
5 4.99, 5.10 dd 115.9  C3 116.0 
1’ 4.81 d 83.8 C2’ C1 83.6 
2’ 3.23 t 74.2 C1’, C3’  74.1 
3’ 3.61 d 79.6  C5’ 79.5 
4’ 3.32 d 82.4 C3’  82.1 
5’ 3.32 d 71.2 C4’ C3’ 71.1 
6’ 3.63, 3.84 dd 62.7 C5’ C4’ 62.5 

Multiplicities of proton signals: d - doublet, dd - doublet of doublets, t - triplet, q - quartet and m - multiplet 

3.2.1.2 Characterization of AK-2 as 4-hydroxybenzyl glucosinolate 

AK-2 was isolated as a straw coloured gummy liquid from the methanol extract of S. alba. 

The accurate mass measurement gave an [M-H]¯ ion at m/z 424.0363 suggesting a 
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molecular formula of C14H18NO10S2
¯. The 1H and 13C NMR data were characteristic of an 

aromatic glucosinolate. The NMR and IR spectral data showed the presence of a β-

thioglucoside N-hydroxysulfate moiety that carried a p-hydroxylbenzyl side chain. The IR 

spectrum revealed C=N (1653.04 cm-1), a sulfonic acid group (951.11 cm-1) and C-S (703.08 

cm-1) absorption bands indicating the presence of these groups. The 1H resonance between 

δH 2.94 to 5.41 accounted for the oxymethine hydrogens positioned on the glucose moiety. 

The 13C NMR (Figure 3.9) and DEPT spectra revealed the oxymethines and oxymethylene 

(C-6’, δC 60.9) carbons of the glucose moiety. The proton signals at δH 3.70 and 3.99 

accounted for the methylene hydrogens on the alkyl chain. The roofed hydrogens (δH 6.71 

and 7.09, J = 8.0 Hz) and a hydroxyl group (δH 9.33) accounted for the positions on the  

 

Figure 3.7 Structure for AK-2 

 p-hydroxylbenzyl aromatic ring of the side chain (Figure 3.8). The structural assignment of 

the β-thioglucoside N-hydroxysulfate moiety of compound AK-2 was same as the previously 

described for compound AK-1 in section 3.2.1.1. The HMBC revealed the thioglucosidic 

linkage of H-1’ (δH 4.32) to the quaternary carbon, C-1 (δC 155.3) of the sulphonated oxime 

by a 3J correlation (Figure 3.11). The methylene hydrogens (H2-2, δH 3.70 and 3.99) showed 

a 2J correlation to the quaternary carbon of the sulphonated oxime and the aromatic 

quaternary carbon, C-1” (δC 126.5) (Figure 3.11). 
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Figure 3.8 1H NMR spectrum for AK-2, recorded in DMSO-d6, 500 MHz 
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Current Data Parameters
NAME     ak1-Mar14-2014-14MMSPE 4
EXPNO                10
PROCNO                1

F2 - Acquisition Parameters
Date_          20140314
Time              10.32
INSTRUM           av500
PROBHD   5 mm CPQNP 1H/
PULPROG            zg30
TD                65536
SOLVENT            DMSO
NS                  128
DS                    2
SWH           10330.578 Hz
FIDRES         0.157632 Hz
AQ            3.1719425 sec
RG                 28.5
DW               48.400 usec
DE                 6.00 usec
TE                300.0 K
D1           1.00000000 sec
TD0                   1

======== CHANNEL f1 ========
NUC1                 1H
P1                13.90 usec
PL1                2.00 dB
PL1W         6.41881752 W
SFO1        500.1330885 MHz

F2 - Processing parameters
SI                32768
SF          500.1300061 MHz
WDW                  EM
SSB      0
LB                 0.30 Hz
GB       0
PC                 1.00

Sample Ref MMSPE 4

H-4” 

H-2” 
H-6” 
 

H-3” 
H-5” 
 

H-3’ 
H-4’ 

H-2’ 
H-6’ 

H-1’ H-2 

H-6’ 
     H-2 
 

H-5’  
H-4’  
H-3’  
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Figure 3.9 13C NMR spectrum for AK-2, recorded in DMSO-d6, 500 MHz 
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Current Data Parameters
NAME     ak1-Mar14-2014-14MMSPE 4
EXPNO                11
PROCNO                1

F2 - Acquisition Parameters
Date_          20140314
Time              12.19
INSTRUM           av500
PROBHD   5 mm CPQNP 1H/
PULPROG          zgpg30
TD                65374
SOLVENT            DMSO
NS                 2000
DS                    4
SWH           30030.029 Hz
FIDRES         0.459357 Hz
AQ            1.0884771 sec
RG                13004
DW               16.650 usec
DE                50.00 usec
TE                300.0 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1

======== CHANNEL f1 ========
NUC1                13C
P1                11.70 usec
PL1                5.00 dB
PL1W        27.88092041 W
SFO1        125.7703643 MHz

======== CHANNEL f2 ========
CPDPRG[2        waltz16
NUC2                 1H
PCPD2             72.70 usec
PL2                1.75 dB
PL12              16.37 dB
PL13              16.30 dB
PL2W         6.79915619 W
PL12W        0.23466858 W
PL13W        0.23848172 W
SFO2        500.1320005 MHz

F2 - Processing parameters
SI                32768
SF          125.7578495 MHz
WDW                  EM
SSB      0
LB                 1.00 Hz
GB       0
PC                 1.40

Sample Ref MMSPE 4

C-4" 
C-1 

C-2” 
C-6” 

C-3” 
C-5” 

C-1” 

C-1’ 
C-2’ 

C-4’ 
C-5’ C-3’ 

C-2 

C-6’ 
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Figure 3.10 HMQC NMR spectrum for AK-2 
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Current Data Parameters
NAME     ak1-Mar14-2014-14MMSPE 4
EXPNO                13
PROCNO                1

F2 - Acquisition Parameters
Date_          20140314
Time              12.49
INSTRUM           av500
PROBHD   5 mm CPQNP 1H/
PULPROG        inv4gpqf
TD                 1024
SOLVENT            DMSO
NS                   32
DS                   16
SWH            4882.813 Hz
FIDRES         4.768372 Hz
AQ            0.1048576 sec
RG                46341
DW              102.400 usec
DE                 6.00 usec
TE                300.0 K
CNST2       145.0000000
D0           0.00000300 sec
D1           1.37752903 sec
D2           0.00344828 sec
D12          0.00002000 sec
D13          0.00000400 sec
D16          0.00020000 sec
D20          0.00242428 sec
IN0          0.00001590 sec

======== CHANNEL f1 ========
NUC1                 1H
P1                13.90 usec
P2                27.80 usec
PL1                2.00 dB
PL1W         6.41881752 W
SFO1        500.1326091 MHz

======== CHANNEL f2 ========
CPDPRG[2        waltz16
NUC2                13C
P3                11.75 usec
PCPD2             70.00 usec
PL2                5.00 dB
PL12              20.50 dB
PL2W        27.88092041 W
PL12W        0.78579110 W
SFO2        125.7702953 MHz

====== GRADIENT CHANNEL =====
GPNAM[1]       SINE.100
GPNAM[2]       SINE.100
GPNAM[3]       SINE.100
GPZ1              50.00 %
GPZ2              30.00 %
GPZ3              40.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  128
SFO1           125.7703 MHz
FIDRES       245.639099 Hz
SW              249.994 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          500.1300061 MHz
WDW                SINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          125.7578495 MHz
WDW                SINE
SSB      0
LB       0 Hz
GB       0

Sample Ref MMSPE 4
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Figure 3.11 HMBC NMR spectrum for AK-2 
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Current Data Parameters
NAME     ak1-Mar14-2014-14MMSPE 4
EXPNO                14
PROCNO                1

F2 - Acquisition Parameters
Date_          20140314
Time              14.34
INSTRUM           av500
PROBHD   5 mm CPQNP 1H/
PULPROG  inv4gplplrndqf
TD                 1024
SOLVENT            DMSO
NS                   64
DS                   16
SWH            4882.813 Hz
FIDRES         4.768372 Hz
AQ            0.1048576 sec
RG                46341
DW              102.400 usec
DE                 6.00 usec
TE                300.0 K
CNST2       145.0000000
D0           0.00000300 sec
D1           1.47276103 sec
D2           0.00344828 sec
D6           0.06500000 sec
D13          0.00000400 sec
D16          0.00020000 sec
IN0          0.00001590 sec

======== CHANNEL f1 ========
NUC1                 1H
P1                13.90 usec
P2                27.80 usec
PL1                2.00 dB
PL1W         6.41881752 W
SFO1        500.1326091 MHz

======== CHANNEL f2 ========
NUC2                13C
P3                11.75 usec
PL2                5.00 dB
PL2W        27.88092041 W
SFO2        125.7702953 MHz

====== GRADIENT CHANNEL =====
GPNAM[1]       SINE.100
GPNAM[2]       SINE.100
GPNAM[3]       SINE.100
GPZ1              50.00 %
GPZ2              30.00 %
GPZ3              40.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  128
SFO1           125.7703 MHz
FIDRES       245.645111 Hz
SW              250.000 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          500.1300061 MHz
WDW                SINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          125.7578495 MHz
WDW                SINE
SSB      0
LB       0 Hz
GB       0

Sample Ref MMSPE 4

H-2 / C-1 H-1' / C-1 
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Figure 3.12 COSY NMR spectrum for AK-2 
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Current Data Parameters
NAME     ak1-Mar14-2014-14MMSPE 4
EXPNO                15
PROCNO                1

F2 - Acquisition Parameters
Date_          20140314
Time              18.20
INSTRUM           av500
PROBHD   5 mm CPQNP 1H/
PULPROG        cosygpqf
TD                 2048
SOLVENT            DMSO
NS                   32
DS                    8
SWH            4882.813 Hz
FIDRES         2.384186 Hz
AQ            0.2097152 sec
RG                  128
DW              102.400 usec
DE                20.00 usec
TE                300.0 K
D0           0.00000300 sec
D1           1.43159604 sec
D13          0.00000400 sec
D16          0.00020000 sec
IN0          0.00020480 sec

======== CHANNEL f1 ========
NUC1                 1H
P0                13.90 usec
P1                13.90 usec
PL1                2.00 dB
PL1W         6.41881752 W
SFO1        500.1326091 MHz

====== GRADIENT CHANNEL =====
GPNAM[1]       SINE.100
GPZ1              10.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  128
SFO1           500.1326 MHz
FIDRES        38.146973 Hz
SW                9.763 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          500.1300061 MHz
WDW                SINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          500.1300061 MHz
WDW                SINE
SSB      0
LB       0 Hz
GB       0

Sample Ref MMSPE 4

H-2”, H-6” / H-3”, H-5” 

H-1’/ H-2’ H-4’/ H-3’ 
H-2’/ H-3’ 
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Figure 3.13 Selected HMBC correlations for AK-2 

The methylene hydrogens (H2-2) also showed a 3J correlation to the aromatic carbons (C-2” 

and C-6”, δC 129.0). The aromatic ring was revealed as an AA’BB’ spin system in the 1H 

NMR spectrum, two doublets (δH 7.09, H-2”, -6” and δH 6.71, H-3”, -5”) integrating for two 

protons each, with a strong ortho coupling (J = 8.0 Hz) of the protons. Compound AK-2 was 

therefore identified as (E)-(2-(4-hydroxyphenyl)-1-((3,4,5-trihydroxy-6-(hydroxymethyl) 

tetrahydro-2H-pyran-2-yl)thio)ethylidene) amino sulfate commonly known as glucosinalbin or 

4-hydroxybenzyl glucosinolate. The 1H and 13C NMR data were comparable to published 

literature for the isolation of glucosinalbin from seeds of Brassica juncea (brown mustard) 

and S.alba (white mustard) (Fabre et al., 1997; Toribio et al., 2009).  
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Table 3.3 1H NMR (coupling constant, Hz) and 13C NMR spectral data (ppm) and HMBC 
correlations of AK-2, recorded in DMSO-d6 

Position 1H 13C 2J 3J 

13C 
Fabre et al., 

1997 
(CD3OD, 100 

MHz) 

1 - 155.3   161.2 
2 3.70, 3.99 s 37.0 C1, C1” C2”, C6” 38.9 
1’ 4.32 81.0  C1, C6’ 82.6 
2’ 3.11, 5.00 81.3 C4’ C2’ 74.1 
3’ 4.83, 5.41 69.1 C5’  71.1 
4’ 2.94, 5.06 78.0 C4’  79.3 
5’ 2.94 72.8 C6’  82.1 
6’ 3.70, 4.83 60.9   62.7 
1” - 126.5   127.8 
2” 7.09 d (8.0) 129.0  C6” 130.3 
3” 6.71 d (8.0) 115.3  C1”, C5” 116.6 
4” 9.33 br s 156.1   157.6 
5” 6.71 d (8.0) 115.3 C4”  116.6 
6” 7.09 d (8.0) 129.0 C5” C2, C4” 130.3 

Multiplicities of proton signals: s - singlet, d - doublet, br s – broad singlet 

 

3.2.2 Isolation from A. rusticana 

A kilogram of powdered A. rusticana was successively extracted with hexane, chloroform 

and methanol, and a yield of 0.23%, 0.61% and 0.78%, respectively, was obtained. The 

methanol extract (7.8 g) was subjected to silica gel VLC, which yielded 12 fractions (150 

mL). An isocratic system of 70% acetonitrile in water was used as the mobile phase for the 

elution. Figure 3.14 shows the normal-phase analytical TLC of the VLC fractions. VLC 

fraction 5 (165. 1 mg) was isolated as a mixture of alkyl and aromatic glucosinolate, and 

attempts to separate these two compounds proved futile as they eluted as a single spot in all 

solvent systems employed. TLC and 1H NMR analysis of the other VLC fractions revealed 

that fractions 6 and 7 were similar to fraction 5 with other minor compounds; the other 

fractions were primarily sugar so no further work was carried out on these fractions.  
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Figure 3.14 Analytical TLC of VLC fractions from A. rusticana methanol extract  

(Isocratic run of 70% acetonitrile in water, anisaldehyde reagent) 

 

3.2.2.1 Characterisation of VLC fraction 5 (AK-3) as a mixture of allyl glucosinolate 

and phenylethyl glucosinolate  

AK-3 was isolated as a brownish solid from the methanol extract of A. rusticana. The NMR 

and IR spectra data suggested a β-thioglucoside N–hydroxysulfate and two types of side 

chains: alkenyl and aromatic. The ESI-MS spectrum displayed  [M-H]¯ ions at m/z 358.0 and 

422.0 suggesting a molecular formula of C10H16NO9S2¯ and C15H20NO9S2¯ for the two types 

of glucosinolates (Figure 3.18). The side chain of the alkenyl glucosinolate was found to be a 

but-3-en-1-ylidene as revealed by the HMQC and HMBC NMR spectra, with proton 

resonances at δH 3.45, 3.56, 5.16, 5.29 and 5.99 ppm attributable to carbon resonances at 

δC 37.9, 118.4, and 134.6 ppm account for the all the positions on the alkenyl, whilst the 

aromatic glucosinolate had a phenylethyl side chain. The resonance of the phenyethyl side 

chain was observed in the down field region (δH 7.16 - 7.30 ppm) as a doublet and two-

triplets which integrated for the five protons on the phenyl ring, a mono-substituted aromatic 

ring (Figure 3.19). The ethyl hydrogen H2-3 (δH 3.05) showed a 2J, 3J and 3J correlations to 

the phenyl carbons C-1” (δc 142.5), C-2”, -6” (δc 129.6) and to the quaternary carbon of the 

sulphonated oxime C-1 (δC 161.1), respectively. A 3J HMBC correlation revealed the 
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Figure 3.15 Structure for the alkenyl glucosinolate component of AK-3 (compound 1)  

thioglucosidic linkages for both compounds, for compound 1 hydrogen H-1’ (δH 4.91) 

correlated to the quaternary carbon, C-1 (δC 160.4) and for compound 2 hydrogen H-1’ (δH 

4.82) correlated to the quaternary carbon, C-1 (δC 161.1). To confirm the presence of the two 

types of glucosinates, the 1H NMR of AK-3 was compared to pure glucosinolate standards, 

sinigrin and gluconasturtiin (Figure 3.17). 

 

Figure 3.16 Structure for the aromatic glucosinolate component of AK-3 (compound 2) 
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Compounds 1 and 2 of AK-3 were structurally assigned by the HMBC correlations as shown 

in Figures 3.21 and 3.22, respectively and Tables 3.4 and 3.5 summarise the NMR data for 

both compounds. Compounds 1 and 2 were therefore identified as (E)-(1-((3,4,5-trihydroxy-

6-(hydroxymethyl)tetrahydro-2H-pyran-2-yl)thio)but-3-en-1-ylidene)amino sulfate and (E)-(3-

phenyl-1-((3,4,5-trihydroxy-6-(hydroxymethyl)tetrahydro-2H-pyran-2-yl)thio)propy- lidene) 

amino sulfate, respectively. Compounds 1 and 2 are also known as 2-propenyl glucosinolate 

and 2-phenylethyl glucosinolate, respectively. The 1H and 13C NMR data of compounds 1 

and 2 were in good agreement with published literature for the isolation of 2-propenyl 

glucosinolate from B. juncea seeds and the isolation of 2-phenylethyl glucosinolate from 

Barbarea verna seeds (upland cress), respectively (Barillari et al., 2001; Wang et al., 2014). 

Additionally, these compounds have been reported for in B. campestris, Raphanus sativum 

L. niger (black radish), Brassica rapa ruvo (broccoletti seeds), B. oleracea and Pringlea 

antiscorbutica (Kerguelen cabbage) (Kim et al., 2004; Ediage et al., 2011; Toribio et al., 

2011; Ares et al., 2014). 
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Figure 3.17 1H NMR spectral comparison of AK-3 (blue spectrum) with gluconasturtiin (green spectrum) and sinigrin (red spectrum) standards, recorded in 
methanol-d4, 500 MHz  

[ppm] 7  6  5  4 

[ *
1e

6]
 0.

5 
 1.

0 
 1.

5 
 2.

0 
 2.

5 
 3.

0 

"ak1-Nov24-2015-25 HrMVLC5 Methanol"  10  1  C:\Users\awo.kwapong\NMR

"ak1-Nov24-2015-25 HrMVLC5 Methanol"  10  1  C:\Users\awo.kwapong\NMR

"ak1-Nov27-2015-18 Sinigrin"  10  1  C:\Users\awo.kwapong\NMR

gs2-Feb29-2016-11Gluconasturtiin  10  1  C:\Users\awo.kwapong\NMR



  

 

84 

 

 

 

 

 

 

 

 

 

 

Figure 3.18 ESI-MS spectrum for the AK-3 mixture in the negative ion mode 
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Figure 3.19 1H NMR spectrum for AK-3 showing proton integration for compound 1 (labeled in black) and additional proton resonances for compound 2 

(labeled in red) superimposed in the spectrum, recorded in CD3OD, 500 MHz 
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Figure 3.20 DEPT-135 NMR spectrum for AK-3, with carbon resonances for compound 1 labeled in black and that of compound 2 in red  
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Figure 3.21 Selected HMBC correlations (solid arrows) for compound 1 of AK-3 

 

 

 

Figure 3.22 Selected HMBC (solid arrows) correlations for compound 2 of AK-3 
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Table 3.4 1H and 13C NMR spectral data (ppm) and HMBC correlations of AK-3 compounds 
1, recorded in methanol-d4  

Position 1H 13C 2J 3J 

13C 
Wang et al., 
2014 (D2O, 
125 MHz) 

1 - 160.4   162.9 
2 3.45 q, 3.56 

dd 
37.9 C1, C3 C4 36.1 

3 5.99 m 134.6 C2 C1 132.0 
4 5.16 dd, 5.29 

dd 
118.5 C3 C4 118.4 

1’ 4.91d 83.2  C1, C3’ 81.5 
2’ 3.35 d 79.6 C3’ C4’ 71.9 
3’ 3.21 d 74.3 C2’  77.0 
4’ 3.32 d 71.3   69.1 
5’ 3.25 d 82.3 C6’  80.0 
6’ 3.61 t, 3.85 

dd 
62.9 C6’ C4’ 60.6 

Multiplicities of proton signals: d - doublet, dd  - doublet of doublets, t – triplet, m – multiplet, q - quintet  
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Table 3.5 1H and 13C NMR spectral data (ppm) and HMBC correlations of AK-3 compounds 
2, recorded in methanol-d4  

Position 1H 13 C 2J 3J 

13C 
Barillari et 
al., 2011 

(D2O, 125 
MHz) 

1 - 161.1   163.7 

2 3.23 d 35.7   32.9 

3 3.05 s 34.5 C2 C1, C2”, C6” 34.2 

1’ 4.82 d 83.7  C1, C3’ 82.0 

2’ 3.35 d 79.6 C3’ C4’ 72.2 

3’ 3.21 d 74.3 C2’  77.4 

4’ 3.32 d 71.3   69.4 

5’ 3.25 d 82.3 C6’  80.4 

6’ 3.61 t, 3.85 
dd 62.9 C5’ C4’ 60.9 

1” - 142.5   140.9 

2” 7.27 d 129.6  C3 129.1 

3” 7.25 t 134.6 C2”, C6” C1” 129.1 

4” 7.16 t 127.3  C2”, C6” 127.0 

5” 7.25 t 134.6  C1” 129.1 

6” 7.27 d 129.6 C2”  129.1 
Multiplicities of proton signals: s - singlet, d - doublet, dd - doublet of doublets, t - triplet  
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3.2.3 Biosynthesis of glucosinolates 

Glucosinolates are nitrogen- and sulfur-rich secondary metabolites, which occur in all 

Brassica species and are known for their role in plant defense against pathogens, and their 

anti-carcinogenic activity (Mithen et al., 2000; Sonderby et al., 2010). They are characterized 

by the presence of a β-D-thioglucose group, with a sulphonated oxime group and different 

types of side-chain (Fenwick  and Heaney, 1983). Like the isolated glucosinolates in sections 

3.2.1.1, 3.2.1.2 and 3.2.2.1, the variable side-chain could be an aliphatic group (gluconapin 

and sinigrin), an aromatic group (glucosinalbin and glucosnasturtiin) or an indolyl group 

(glucobrassicin).  

Glucosinolates are derived from amino acid through three independent biosynthetic 

pathways: this is the chain elongation of a precursor amino acid, formation of the core 

glucosinolate structure and modification of the elongated side chain of the amino acid 

(Sonderby et al., 2010). Formation of the core glucosinolate commences with N-

hydroxylation and decarboxylation of the precursor amino acid to an aldoxime (Mithen et al., 

2000; Fahey et al., 2001). The aldoxime is then converted to a thiohydroxamic acid by the 

introduction of thioglucoside sulfur from a cysteine (Fahey et al., 2001). A glycosyl unit from 

UDP-glucose is then transferred onto the thiohydroxamic acid to form a desulfoglucosinolate, 

which is later sulfated via 3’-phosphoadenosine 5’-phosphosulfate (PAPS), and a 

desulfoglucosinolate sulfotransferase to produce the glucosinolate (Mithen et al., 2000; 

Fahey et al., 2001). Figure 3.23 shows the biosynthesis of glucosinolates and this suggests 

a possible biosynthetic pathway for the formation of the isolated compounds, AK-1, AK-2 

and AK-3. 

The structural diversity observed among the isolated glucosinolates is due to the different 

amino acid enlongation and modification processes undergone during their biosynthesis. 

Underhill and collegues explained the amino acid enlongation as being similar to the 

synthesis of leucine from valine and acetate, based on a biochemical study involving the 
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administration of 14C-labeled precursors to plants, which was later supported by studies 

conducted by Chisholm and workers (Underhill et al., 1962; Chisholm and Wetter, 1964). For 

modification of the aliphatic and alkylthioalkyl side chains, Mithen and co-workers suggested 

that Gsl-oxid, Gsl-alk and Gsl-oh loci are responsible for the oxidation of the methylthios, 

desaturation of the alkyl chains and hydroxylation of the alkenyls, respectively (Parkin et al., 

1992; Mithen et al., 1995; Giamoustaris and Mithen, 1996; Mithen and Campos, 1996). It is 

also presumed that similar oxidation, desaturation and hydroxylation processes occur in 

aromatic and indole glucosinolates (Fahey et al., 2001).       

 

Figure 3.23 Biosynthetic pathway of glucosinolates 
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3.2.4 Isolation from L. sativum 

Ground seeds (245 g) of L. sativum were initially extracted with petroleum ether in a Soxhlet 

and subsequently extracted with methanol. A yield of 20.4% and 18.2% was obtained for the 

petroleum ether and methanol extracts, respectively. The methanol extract (40 g) was 

subjected to the acid-base extraction (alkaloid extraction), which gave a yield of 1.1 g. The 

alkaloidal extract (0.8 g) was then subjected to gravity column chromatography (silica gel 60, 

70-230 mesh, column size: 50 x 4 cm) and eluted with CHCl3-EtOH-EtOAc-Me2CO- conc. 

NH3 (6:4:2:2:1, v/v). 210 fractions (Fr) were collected and combined in seventeen different 

pools. Pool D (Fr 10-12, 12.7 mg) and Pool E (Fr 14-15, 30 mg) were further purified by 

preparative TLC on silica gel, CHCl3-MeOH-NH3, 90:9:1 and 80:19:1, v/v, respectively. Both 

pools (D and E) yielded two dimeric imidazole alkaloids each, which gave a positive 

Dragendorff reaction. AK-4 (4.5 mg) and AK-6 (3.6 mg) were isolated from pool D and AK-5 

(10.3 mg) and AK-7  (1.7 mg) from pool E. Figures 3.24 and 3.25 show the normal-phase 

analytical TLC of the column chromatography pool of fractions and the isolated dimeric 

imidazole alkaloids from pools E and D. 

 

Figure 3.24 Analytical TLC of the column chromatography pool of fractions from L. sativum 
alkaloidal extract (detecting reagent Dragendorff's reagent) 

Pool E 
(Fr14-15) 

Pool D 
(Fr10-12) 
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Figure 3.25 Analytical TLC of the isolated imidazole alkaloids from pools D and E  
  

3.2.4.1 Characterisation of the isolated imidazole alkaloids 

The 1H NMR and COSY spectra data showed two aromatic spin systems for the isolated 

compounds (Table 3.6), a di-substituted and tri-substituted aromatic ring, respectively. The 

structures for the isolated compounds are shown in Figures 3.26 and 3.27.  
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AK-5: R = OH 

Figure 3.26 Structure for AK-4 and AK-5 
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Compound AK-4 was isolated as a pale yellow solid. The ESI-MS gave an m/z at 361.3 

[M+H]+, which suggested that its molecular formula was C21H20N4O2. The Rf value was 0.42 

in a solvent system of CHCl3: CH3OH: conc NH3 (90:9:1, v/v). Its 1H and COSY NMR spectra 

revealed a di-substituted aromatic ring which was identified by proton resonances at δH 6.62 

(s, J = 2.0 Hz, H-2), 6.81 (dd, J = 9.5, 0.5 Hz, H-4), 7.10 (t, J = 8.0, 8.0 Hz, H-5), 6.54 (dd, J 

= 8.0, 2.0 Hz, H-6) which coupled to each other and the meta-coupling of H-2 by H-6 (4JHH = 

2.0 Hz) (Figure 3.29). Coupling of proton signal at δH 6.98 (dd, J = 8.0, 1.5 Hz, H-9) to δH 

7.14 (t, J = 8.0, 8.0 Hz, H-10) and δH 6.75 (dd, J = 8.0, 1.5 Hz, H-11) in the COSY spectrum 

(Figure 3.31) also indicated the presence of a further aromatic spin system, the tri- 

substituted aromatic ring. Both spin systems were confirmed by the HMQC and HMBC 

correlations (Table 3.7 and Figure 3.32). The methoxyl group (δc 56.3 and δH 3.65 (3H)) was 

assigned a position meta- to the imidazolylmethyl moiety and this was confirmed by a 3JH-C 

correlation to the aromatic quaternary carbon, C-8 (δC 154.0) (Figure 3.30). The proton 

signals at δH 6.83 (2H, s, H-15 and H-16) and δH 6.91 (2H, s, H-19 and H-20) and carbon 

signals at δC 122.8 (2C, C-15 and C-16), 147 (1C, C-14), 123.1(2C, C-19 and C-20) and 

148.2 (1C, C-18) accounted for the two-imidazole rings. The signals at δH 3.96 (2H, s, H2 -

13), δc 35.1 (1C, C-13) and δH 3.92 (2H, s, H2 -17), δc 29.7 (1C, C-17) were identified as the 

two methylenes, which connects the imidazole rings to the aromatic rings. The IR spectrum 

showed the presence of secondary amines at 2919.76 cm-1. The combined NMR, IR and 

ESI-MS spectra data led to the assignment of the full structure of AK-4, which was 

comparable to with published literature for the isolation of dimeric imidazole alkaloids from L. 

sativum (Maier et al., 1998). Compound AK-4 was therefore identified as 2-(3-(2-((1H-

imidazol-2-yl)methyl)-6-methoxyphenoxy) benzyl)-1H-imidazole.  

Compound AK-5 was also a pale yellow solid with an accurate mass measurement of an  

[M+H]+ ion at m/z 347.1498, which suggested that its molecular formula was C20H18N4O2. Its 

Rf value was 0.61 in a solvent system of CHCl3: CH3OH: conc NH3 (80:19:1, v/v). Compound 

AK-5 was similar to compound AK-4; it only varied by the absence of the methoxyl group 

and the presence of an aromatic hydroxyl group. Inspection of the HMBC spectrum allowed 



 

 95 

the full assignment of all resonances (Table 3.8). Compound AK-5 was therefore identified a 

3-((1H-imidazol-2-yl)methyl)-2-(3-((1H-imidazol-2-yl)methyl) phenoxy)phenol commonly 

known as Lepidine B and the spectra data were comparable to published literature (Maier et 

al., 1998). 

 

AK-6: R1 = H, R2 = OCH3 

AK-7: R1 = OH, R2 = H 

Figure 3.27 Structure of AK-6 and AK-7  
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aromatic hydrogens was also confirmed by HMBC correlations; a 4J correlation of H-8 to 

quaternary aromatic carbon C-11 (δc 132.5), 2J correlation of H-10 to C-11 and a 4J 

correlation of H-12 to a quaternary aromatic carbon C-9 (δc 151.9) (Table 3.8). In addition, 

the NOESY spectrum revealed a cross peak between the methoxyl hydrogens (3H, s, δH 

3.70) and the aromatic hydrogens (2H, s, δH 7.01, H-8 and H-10), which confirmed this 

structural arrangement. This compound was therefore assigned as 2-(3-(3-((1H-imidazol-2-

yl)methyl)-5methoxy phenoxy)benzyl)-1H-imidazole. To our knowledge there has been no 

report of this compound though it is similar to the dimeric imidazole alkaloids isolated from L. 

sativum seeds by Maier and co-workers (1998). 

Compound AK-7 was also a pale yellow solid. The ESI-MS gave an  [M+H]+ ion at m/z 347.1 

which indicated that its molecular formula was C20H18N4O2. Its Rf value was 0.59 in a solvent 

system of CHCl3: CH3OH: conc NH3 (80:19:1, v/v). This compound was similar to AK-5; the 

only difference was the positioning of the substituent imidazolyl methyl group on the ABC 

aromatic ring. The difference between the two compounds was revealed by the splitting 

pattern of the aromatic protons (δH 6.80 (d, H-9), δH 6.66 (dd, H-10) and δH 6.79 (s, H-12)), 

the ortho coupling (J = 8 Hz) of H-10 to H-9 and the meta-coupling (J = 1.5 Hz) of H-10 to H-

12. Inspection of the HMQC and HMBC correlations allowed unambiguous assignment of all 

resonances. AK-7 was therefore identified as 4-((1H-imidazol-2-yl)methyl)-2-(3-((1H-

imidazol-2-yl)methyl)phenoxy) phenol commonly known as Lepidine E and the spectra data 

were in good agreement to the published literature (Maier et al., 1998).   

The NMR spectra data of the isolated imidazole alkaloids are shown in Tables 3.6-3.8 and 

the 1H, COSY, 13C, DEPT, HMQC and HMBC NMR spectra of AK-5, AK-6 and AK-7 are 

presented in the appendix section. The main differences in these compounds were due to 

the positioning of the substituent groups (hydroxyl, methoxyl and imidazolyl methyl moiety) 

on the ABC aromatic ring and this was evident in the splitting pattern of the aromatic protons 

(Figure 3.28).   
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Figure 3.28 1H NMR spectrum of the isolated imidazole alkaloids, recorded in CD3OD, 500 MHz. Key: LsFr10-12Cc5-2 – AK-4, LSFR14-15Pt 3 – AK-5, 
LsFr10Cc5-3 – AK-6 and LsFr14-15Pt 5 – AK-7 
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Figure 3.29 1H NMR spectrum for AK-4, recorded in CD3OD, 500 MHz 
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Figure 3.30 HMBC spectrum for AK-4 
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Figure 3.31 COSY NMR spectrum for AK-4 
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Figure 3.32 HMBC correlations for AK-4 

Table 3.6 1H NMR spectral data (ppm) and coupling constants (Hz) of the isolated dimeric 
imidazole alkaloids, recorded in methanol-d4 

Position AK-4 AK-6 AK-5 AK-7 

1 - - - - 
2 6.62 (2.0) s  6.70 (2.0, 1.5) s 6.72 s 6.79 s 
3 - - - - 
4 6.81 (9.5, 0.5) dd 6.86 (8.0, 2.0) dd 6.81 (8.0) d 6.86 (8.5) d 
5 7.10 t 7.15 t 7.11 t 7.17 t 
6 6.54 (8.0, 2.0) dd 6.64 (8.0, 2.0) dd 6.58 (8, 2.5) dd 6.72 (8.5, 1.0) dd 
7 - - - - 
8 - 7.01 s - - 
9 6.98 (8.0, 1.5) dd - 6.85 (7.5) d  6.80 d 

10 7.14 t 7.01 (1.5) s 7.00 t 6.66 (8.0, 1.5) dd 
11 6.75 (8.0, 1.5) dd - 6.61 (7.5) d - 
12 - 6.85 (1.5) s - 6.79 (1.5) s 

13 (2H) 3.96 s 3.95, 3.97 s 3.87 s 3.98 (5.0) d 
14 - - - - 
15 6.83 s 6.91 s 6.91 s 6.91 s 
16 6.83 s 6.91 s 6.83 s 6.91 s 

17 (2H) 3.92 s 3.95, 3.97 s 3.97 s 3.98 (5) d 
18 - - - - 
19 6.91 s 6.91 s 6.91 s 6.95 s 
20 6.91 s 6.91 s 6.83 s 6.95 s 

O-CH3 3.65 s 3.70 s - - 
OH - -  6.93 s 

Multiplicities of proton signals: s - singlet, d - doublet, dd - doublet of doublets, t – triplet 

O

O

CH3

N NHN NH

H H H H

H

H

HHH

H

HH H H H
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Table 3.7 13C NMR spectral data (ppm) of the isolated dimeric imidazole alkaloids, recorded 
in methanol-d4 

Position AK-4 AK-6 AK-5 AK-7 

1 159.7 159.9 159.5 159.9 
2 116.0 117.6 116.4 118.4 
3 140.9 141.0 140.9 141.0 
4 122.8 123.3 130.8 123.5 

5 130.5 130.6 130.6 130.7 
6 113.9 115.6 114.0 116.1 
7 142.4 145.6 141.3 150.4 
8 154.0 114.5 151.6 143.5 
9 112.9 151.9 117.0 118.2 

10 127.0 126.4 127.1 121.2 
11 123.1 132.5 122.1 136.4 
12 133.7 123.0 133.7 122.4 
13 35.1 34.3 29.8 35.1 
14 147.3 148.1 148.1 148.1 
15 122.8 123.3 122.9 118.4 
16 122.8 123.3 122.6 118.4 
17 29.7 35.1 35.2 34.7 
18 148.2 148.4 147.3 148.4 
19 123.1 123.0 122.9 122.4 
20 123.1 123.0 122.6 122.4 

O-CH3 56.3 56.5   
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Table 3.8 HMBC correlations (2J, 3J and 4J) of the isolated dimeric imidazole alkaloids, 
recorded in methanol-d4 

Position AK-4 AK-6 AK-5 AK-7 

1     
2 C1, C6  C1, C13, C6  
3     
4 C2, C6, C13 C5 C13, C6 C13, C6, C2 

5 C1, C3 C1, C3 C3, C1 C3, C1 
6 C1, C2  C1, C2  
7     
8  C11   
9 C8, C10, C7  C11, C7 C10 

10 C9, C8, C12 C11 C9, C12, C8 C9, C17, C8 
11 C7, C9, C17  C9, C7  
12  C9  C11, C7 
13  C3, C14, C2, C4 C2, C3, C4, C14 C3, C14, C2, C15, C4,  C3, C14 C2, 

C4 

14     
15 C14 C14 C16, C14 C14 
16 C14 C14  C14 
17  C12, C18, C7, C11 C10, C12, C18, 

C11 
C18, C11, C19, C7,  C11 

18     
19 C18 C18 C20 C18 
20 C18 C18 C18 C18 

O-CH3 C8 C9   
OH   C8 C12 

 

3.2.5 Isolation from Z. officinale 

Powdered Z. officinale rhizome (55 g) was successively extracted with hexane, chloroform 

and methanol, a yield of 2.91%, 1.09% and 5.64%, respectively was obtained. The hexane 

and methanol extracts were subjected to normal phase- and reverse phase SPE, 

respectively. Two gingerol compounds were isolated from this process, AK-8 and AK-9. AK-
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8 was eluted from the hexane extract with hexane and ethyl acetate (7:3, v/v) and AK-9 was 

eluted from the methanol extract with methanol and water (4:6, v/v). 

3.2.5.1 Characterisation of the isolated gingerol compounds 

The 1H NMR and COSY spectra of both compounds (AK-8 and AK-9) revealed an aromatic 

ring; this was a 4-hydroxy-3-methoxyphenyl moiety substituted at the quaternary aromatic 

carbon C-1’ by a 5-hydroxy-alkane-3-one which was characteristic of gingerol compounds. 

The structures of the isolated gingerol compounds are shown in Figure 3.33.  

 

AK-8: n = 6 

AK-9: n = 4 

Figure 3.33 Structures for the isolated gingerol compounds 

AK-8 was isolated as yellow oil. The ESI-MS gave an [M+Na]+ ion at m/z 345.3, which 

indicated that its molecular formula was C19H30O4. The 1H NMR spectrum (Figure 3.34) 

accounted for all the 30 hydrogens, the splitting pattern and the coupling groups were 

consistent with published literature of [8]-gingerol (Shoji et al., 1982, Kim et al., 2008). A 

methoxyl group (δH 3.86), a hydroxyl group (δH 5.57) and three aromatic hydrogens; δH 6.67 

(s, H-2’), 6.80 (d, J = 7.5 Hz, H-5’) and 6.64 (d, J = 7.5 Hz, H-5) accounted for all positions 

on the 4-hydroxy-3-methoxyphenyl moiety. The proton signals at δH 1.25 (12H, m, H-6 to -

O OH

O

HO

1

2

3

4

5
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3'
4'

5'

6'

n
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11), 2.45 and 2.54 (2H, d, H-4), 2.71 (2H, t, H-2), 2.81 (2H, t, H-1), 3.99 (1H, m, H-5), 2.98 

(OH, br s, H-5) and a terminal methyl group (δH 0.83, H-12) accounted for the hydrogens on 

the 5-hydroxy-1-dodecan-3-one chain (Figure 3.34). In the 13C NMR, 19 carbon signals were 

observed: 6 aromatic carbons, a methoxyl carbon (δC 56.0), 11 aliphatic carbons and a 

carbonyl carbon (δC 211.6, C-3). The methoxyl hydrogens showed a 2J correlation to the 

aromatic quaternary carbon (δC 146.6, C-3’), which confirmed the direct attachment of the 

methoxyl group to the carbon. The hydroxyl hydrogen (δH 5.57) showed a 2J correlation to 

the aromatic quaternary carbon C-4’ (δC 144.1), which it was directly attached to and a 3J 

correlation to the aromatic carbon C-5’ (δC 114.5). This therefore confirmed the ortho 

position of the methoxyl group to the hydroxyl group on the 4-hydroxy-3-methoxyphenyl 

aromatic ring. The linkage of the 4-hydroxy-3-methoxyphenyl moiety to the 5-hydroxy-1-

dodecan-3-one chain was confirmed by a 2J and 3J correlations of H-1 (δH 2.81) and H-2 (δH 

2.71) to the aromatic carbons C-1’ (δC 132.8), C-2’ (δC 111.1) and C-6’ (δC 120.8) (Figure 

3.35 and Table 3.9, supporting information). The positions of the carbonyl carbon  (δC 211.6, 

C-3) and hydroxyl group (2.98 br s) on the 5-hydroxy-1-dodecan-3-one chain was confirmed 

by a 2J correlations of H-2, H-4 and 3J correlation of H-1 to the carbonyl carbon  (δC 211.6, 

C-3) and a 4J correlation of the hydroxyl hydrogen to C-7 (δC 29.7) (Figure 3.35). AK-8 was 

therefore identified as 5-hydroxy-1-(4-hydroxy-3-methoxyphenyl) dodecan-3-one, commonly 

known as [8]-gingerol had previously been isolated from this plant (Shoji  et al., 1982). 

AK-9 was isolated as a dark brown solid from the methanol extract of Z. officinale. The 

accurate mass measurement gave an [M-H]¯ ion at m/z 293.1753 which indicated that its 

molecular formula was C17H26O4. The NMR spectrum for AK-9 was very similar to that of AK-

8, suggesting that it had the similar chemical structure. The difference between the two 

compounds was the lack of two methylene signals in the 1H and 13C NMR spectra of AK-9  

(Figures 3.36 and 3.37). Based on this evidence and analyses of the HMQC, HMBC and 

COSY correlations (Table 3.10 and Figure 3.38) and literature comparison, the structure of 

AK-9 was readily determined to be 5-hydroxy-1-(4-hydroxy-3-methoxyphenyl) decan-3-one 

commonly known as [6]-gingerol (Shoji et al., 1982; Kim et al., 2008). 
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Figure 3.34 1H NMR spectrum for AK-8, recorded in CDCl3, 500 MHz 
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Figure 3.35 HMBC spectrum for AK-8 
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EXPNO                14
PROCNO                1

F2 - Acquisition Parameters
Date_          20140406
Time               0.13
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PROBHD   5 mm CPQNP 1H/
PULPROG  inv4gplplrndqf
TD                 1024
SOLVENT           CDCl3
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DS                   16
SWH            4844.961 Hz
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AQ            0.1056768 sec
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DW              103.200 usec
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D0           0.00000300 sec
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D2           0.00344828 sec
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D16          0.00020000 sec
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======== CHANNEL f1 ========
NUC1                 1H
P1                13.90 usec
P2                27.80 usec
PL1                2.00 dB
PL1W         6.41881752 W
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======== CHANNEL f2 ========
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WDW                SINE
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LB       0 Hz
GB       0
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H-1/ C-2’ 
H-1/ C-6’ 
H-1/ C-1’ H-2/C-1’ 
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-OH/ C-7 
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Table 3.9 1H (coupling constants, Hz) and 13C NMR spectral data (ppm) and HMBC 
correlations of AK-8, recorded in chloroform-d 

Position 1H 13C 2J 3J  4J 

13C 
Shoji et 
al., 1982 
(CDCl3, 

100 MHz) 

1  2.81(2H) t 29.4 C2, C1’ C3, C2’, 
C6’ 

 29.2 

2  2.71(2H) t 45.6 C1, C3 C1’  45.4 
3 (C=O)  211.6    211.4 

4 2.45 d, 2.54 
d (17.5) 

49.5 C3, C5 C2, C6  49.4 

5 3.99 m 67.8    67.8 
6  1.25 (2H) m 36.5 C5   36.6 
7  1.25 (2H) m 29.7  C5  29.2 
8  1.25 (2H) m 25.2 C7 C10  22.6 
9  1.25 (2H) m 25.6 C8, C10 C7, C11  25.5 

10  1.25 (2H) m 22.7 C11 C8, C12  22.6 
11  1.25 (2H) m 31.8 C10, C12   31.8 
12  0.83 (3H) t 14.1 C11 C10  14.0 
OH 2.98 br s 67.8   C7 67.8 
1’  132.8    132.7 
2’ 6.67 s 111.1 C1’, C3’ C1, C4’, 

C6’ 
 111.3 

3’  146.6    146.8 
4’ (OH) 5.57 br s 144.1 C4’ C5’  144.2 

5’ 6.80 d (7.5) 114.5 C6’ C1’  114.7 
6’ 6.64 dd (7.5) 120.8  C2’  120.8 

O-CH3 3.86 s 56.0  C3’  55.8 

Multiplicities of proton signals: s - singlet, d - doublet, dd - doublet of doublet, t - triplet, br s - broad singlet, and m -

multiplet 
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Figure 3.36 1H NMR spectrum for AK-9, recorded in CD3OD, 500 MHz 
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Figure 3.37 13C NMR spectrum for AK-9, recorded in CD3OD, 500 MHz 
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Table 3.10 1H (coupling constants, Hz) and 13C NMR spectral data (ppm) and HMBC 
correlations of AK-9, recorded in methanol-d4 

Position 1H 13C 2J 3J 

13C 
Kim et al., 

1982 
(CD3OD, 
100 MHz) 

1  2.77 (2H) s 30.3 C2, C1’ C2’, C6’, C3 30.6 
2  2.77 s, 1.96 s 46.5 C1  46.7 

3 (C=O)  212.1   212.1 
4 2.50 d (4.5), 

2.52 d (8.5) 
51.4 C3, C5 C6 51.6 

5 3.97m 69.0   69.2 
6  1.37 (2H) m 38.4   38.7 
7  1.37 m, 1.29 m 26.4  C9 26.6 
8  1.29 (2H) m 33.0  C6 33.2 
9  1.29 (2H) m 23.7 C10, C8  24.0 

10  0.89 (3H) t 14.4 C9 C8 14.7 
OH  69.0    
1’  134.1   134.2 
2’ 6.77 s (1.5) 113.1  C1, C6’, C4’ 113.3 
3’  148.9   149.0 

4’ (OH)  145.8   145.9 
5’ 6.67 d (8) 116.2 C4’ C1’, C3’ 116.3 

6’ 6.60 dd (8.5, 
1.5) 

121.7  C1, C2’, C4’ 121.9 

O-CH3 3.82 s 56.4  C3’ 56.6 

Multiplicities of proton signals: s - singlet, d - doublet, dd - doublet of doublet, t – triplet and m – multiplet

 

Figure 3.38 Selected HMBC correlations for AK-9 
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O OH
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3.2.6 Isolation from B. officinalis 

Powdered B. officinalis herb (200 g) was successively extracted with hexane, chloroform and 

methanol; this gave a yield of 0.4%, 1.6% and 5.2%, respectively. The methanol extract was 

subjected to reverse phase SPE and acid-base extraction (alkaloidal extraction). 10.26 g of 

the methanol extract gave an alkaloidal yield of 1.86%, from which a flavone (AK-10, 2.98 

mg) was isolated as a solid residue by filtering and washing off the supernatant alkaloidal 

extract with ethyl acetate. 

 

3.2.6.1 Characterisation of AK-10   as Acacetin-7-O-rutinoside (Linarin) 

AK-10 was isolated as an amorphous white solid. The accurate mass measurement gave an 

[M+H]+ ion at m/z 593.1870, which indicated that its molecular formula was C28H32O14. The 

resonance pattern of the protons in the 1H NMR spectrum and COSY couplings were 

indicative of a flavone with a rutinose substituent. 

The NMR spectra revealed the presence of two phenyl rings (A and B) linked by a 

heterocyclic ring (C) (Figure 3.39), the core structure of a flavone. The heterocyclic ring 

linkage to aromatic ring B was revealed by a  3J  correlation of the heterocyclic hydrogen (H-

3, s, δH 6.96) to the aromatic quaternary carbon (C-1’, δC 122.6), which was para to the 

methoxyl group (δC 55.5, δH 3.86) on the aromatic ring B (Figure 3.41). The position of the 
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Figure 3.39 Structure for AK-10   

 

methoxyl group on ring B was confirmed by a 3J  correlation of the methoxyl hydrogens (δH 

3.86) to the aromatic quaternary carbon (C-4’, δC 162.4). The para positioning of the 

methoxyl group and heterocyclic ring C linkage (Figure 3.43) supported the AA’BB’ aromatic 

spin system of ring B, observed in the  1H NMR spectrum (Figure 3.40) as two doublets (δH 

7.14, H-2’, -6’ and δH 8.05, H-3’, -5’) integrating for two protons each, with a strong ortho 

coupling (J = 8.8 Hz) of the protons. The HMBC correlations of H-3 to the carbonyl carbon 

(C-4, δC 182.0) and to quaternary aromatic carbon (C-10, δC 105.4) confirmed their positions 

and the direct attachment of the heterocyclic ring C to the aromatic ring A. 

The COSY NMR spectrum revealed the meta coupling of the two remaining aromatic 

hydrogens (H-6, δH 6.45 and H-8, δH 6.79). Their positions on the aromatic ring A was 

confirmed by HMQC and 2J correlations of H-6 to an aromatic quaternary carbon (C-5, δC 

161.1) bearing a hydroxyl group (δH 12.91) and H-8 to an aromatic quaternary carbon (C-9, 

δC 156.1) (Figure 3.41). The glycosidic linkage of the flavone to the rutinose moiety was 

revealed by a 3J correlation of H-1” (δH 5.05) to the aromatic quaternary carbon (C-7, δc 
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Figure 3.40 1H NMR spectrum for AK-10, recorded in DMSO, 500 MHz  
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EXPNO                10
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F2 - Acquisition Parameters
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Time              19.52
INSTRUM           av500
PROBHD   5 mm CPQNP 1H/
PULPROG            zg30
TD                65536
SOLVENT            DMSO
NS                   32
DS                    2
SWH           10330.578 Hz
FIDRES         0.157632 Hz
AQ            3.1719425 sec
RG                 35.9
DW               48.400 usec
DE                 6.00 usec
TE                300.0 K
D1           1.00000000 sec
TD0                   1

======== CHANNEL f1 ========
NUC1                 1H
P1                13.90 usec
PL1                2.00 dB
PL1W         6.41881752 W
SFO1        500.1330885 MHz

F2 - Processing parameters
SI                32768
SF          500.1300058 MHz
WDW                  EM
SSB      0
LB                 0.30 Hz
GB       0
PC                 1.00
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Figure 3.41 HMBC NMR spectrum for AK-10   
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F2 - Acquisition Parameters
Date_          20150305
Time              22.35
INSTRUM           av500
PROBHD   5 mm CPQNP 1H/
PULPROG  inv4gplplrndqf
TD                 1024
SOLVENT            DMSO
NS                    8
DS                   16
SWH            7062.147 Hz
FIDRES         6.896628 Hz
AQ            0.0724992 sec
RG                46341
DW               70.800 usec
DE                 6.00 usec
TE                300.0 K
CNST2       145.0000000
D0           0.00000300 sec
D1           1.50450504 sec
D2           0.00344828 sec
D6           0.06500000 sec
D13          0.00000400 sec
D16          0.00020000 sec
IN0          0.00001590 sec

======== CHANNEL f1 ========
NUC1                 1H
P1                13.90 usec
P2                27.80 usec
PL1                2.00 dB
PL1W         6.41881752 W
SFO1        500.1333850 MHz

======== CHANNEL f2 ========
NUC2                13C
P3                11.75 usec
PL2                5.00 dB
PL2W        27.88092041 W
SFO2        125.7702953 MHz

====== GRADIENT CHANNEL =====
GPNAM[1]       SINE.100
GPNAM[2]       SINE.100
GPNAM[3]       SINE.100
GPZ1              50.00 %
GPZ2              30.00 %
GPZ3              40.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  128
SFO1           125.7703 MHz
FIDRES       245.645111 Hz
SW              250.000 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          500.1300058 MHz
WDW                SINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          125.7578492 MHz
WDW                SINE
SSB      0
LB       0 Hz
GB       0

Sample Ref BoAlk3

H-6/C-5 

H-3/C-1’ 

H-3/C-10 

H-1”’/-OCH2 
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Figure 3.42 NOESY NMR spectrum for AK-10   
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Time              23.20
INSTRUM           av500
PROBHD   5 mm CPQNP 1H/
PULPROG         noesyph
TD                 2048
SOLVENT            DMSO
NS                   16
DS                    4
SWH            7062.147 Hz
FIDRES         3.448314 Hz
AQ            0.1449984 sec
RG                   64
DW               70.800 usec
DE                 6.00 usec
TE                300.0 K
D0           0.00005310 sec
D1           2.05447602 sec
D8           0.40000001 sec
IN0          0.00014160 sec

======== CHANNEL f1 ========
NUC1                 1H
P1                13.90 usec
PL1                2.00 dB
PL1W         6.41881752 W
SFO1        500.1333850 MHz

F1 - Acquisition parameters
TD                  256
SFO1           500.1334 MHz
FIDRES        27.586512 Hz
SW               14.121 ppm
FnMODE      States-TPPI

F2 - Processing parameters
SI                 1024
SF          500.1300058 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
PC                 1.00

F1 - Processing parameters
SI                 1024
MC2         States-TPPI
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WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
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Figure 3.43 Selected HMBC (solid black arrow), COSY (solid red arrow) and NOESY (dotted 
black arrow) correlations for AK-10   

162.9) and this was confirmed by the NOESY correlations between H-1” and the two 

aromatic hydrogens of ring A (H-6 and H-8) (Figure 3.42). The glycosidic bond in the 

rutinose moiety was revealed by a 3J correlation of H-1”’ (δH 4.54) of the rhamnose and 

oxymethylene carbon  (C-6”, δC 66.0) of glucose monomer. Full assignment of the all 1H and 

13C resonances was achieved by analyses of the 2-dimensional NMR spectra (Table 3.11). 

AK-10 was assigned as 5-hydroxy-2-(4-methoxyphenyl)-7-((3,4,5-trihydroxy-6-(((3,4,5-

trihydroxy-6-methyltetrahydro-2H-pyran-2-yl)oxy)methyl)tetrahydro-2H-pyran-2-yl)oxy)-4H-

chromen-4-one commonly known as linarin or acacetin-7-O-rutinoside. This compound had 

previously been isolated from Cirsium coloradense, Valeriana wallichii, and Artemisia alba 

(Gardne, 1973; Chari et al., 1977; Saleh et al., 1985). Additionally, it was isolated from, 

Valeriana officinalis and Buddleja lindleyana (Fernández et al., 2004; Han and Chen, 2014). 

This is however, the first report of acacetin-7-O-rutinoside in B. officinalis. The 1H and 13C 

NMR data were in agreement with published literature for the isolation of acacetin-7-O-

rutinoside from Cirsium japonicum (Park et al., 1995).  
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Table 3.11 1H (coupling constants, Hz) and 13C NMR spectral data (ppm) and HMBC 
correlations of AK-10, recorded in DMSO-d6 

Position 1H 13C 2J 3J 

13C 
Park et al., 

1995 
(DMSO, 

100 MHz) 

2 - 163.9   163.9 
3 6.96 s 103.8 C2, C4 C10, C1’ 103.8 
4 - 182.0   182.1 

5 (OH) 12.91 161.1 C5 C6, C10 161.2 
6 6.45 s  99.6 C5 C8, C10 100.5 
7 - 162.9   157.0 
8 6.79 s  94.7 C7, C9 C6, C10 94.8 
9 - 156.1   163.0 

10 - 105.4   105.5 
1’ - 122.6   122.7 
2’ 7.14 d (8.8) 114.7 C1’ C4’, C6’ 128.4 
3’ 8.05 d (8.8) 128.4 C4’ C5’ 114.7 
4’ - 162.4   162.4 
5’ 8.05 d (8.8) 128.4 C4’ C3’ 114.7 
6’ 7.14 d (8.8) 114.7 C1’ C2’, C4’ 128.4 

-OCH3 3.86 55.5  C4’ 55.6 
1” 5.05 d (7.2) 99.9  C7 100.0 

2” 3.13, 5.20 76.7   73.1 
3” 3.20, 4.83 76.2   76.3 
4” 4.46, 5.40 73.0 C5”  69.8 
5” 3.41 70.7   75.9 

6” (-OCH2) 3.41, 3.85 66.0   66.1 
1”’ 4.54 100.5 C2”’ C5”’, C6” 100.4 
2”’ 3.66, 4.60 70.3   70.8 
3”’ 3.60, 4.70 75.6   70.4 
4”’ 3.17, 5.23 72.0   72.1 
5”’ 3.42 68.3   68.3 

6”’ (-CH3) 1.07 17.8 C5”’ C4”’ 17.8 

Multiplicities of proton signals: s - singlet, d - doublet 
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3.2.7 Isolation from U. tomentosa 

Powdered U. tomentosa vine cuttings (500 g) were successively extracted with hexane, 

chloroform and methanol; this gave a yield of 1.0%, 0.6% and 28.1%, respectively. The 

methanol extract was subjected to acid-base extraction, which gave a yield of 4.30 g.  This 

extract was further worked on to isolate four alkaloids; AK-11, AK-12, AK-13 and AK-14. 

The isolation scheme for the alkaloids is described in Figure 3.44 below.  

 

 

 

 

 

 

 

 

NP-SPE – normal-phase solid phase extraction, NP-CC – normal-phase gravity column chromatography and RP-

HPLCC – reverse-phase high performance liquid chromatography 

Figure 3.44 Isolation scheme for U. tomentosa 
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Compounds AK-11, AK-12 and AK-14 were eluted with ethyl acetate: hexane (7:3, v/v), 

ethyl acetate: methanol (9:1, v/v), and ethyl acetate, hexane and methanol (9:1:1, v/v), 

respectively. AK-13 was isolated on preparative HPLC using a Phenomenex® Prodigy™ 

column ODS, 250 x 21.20 mm, 5 μm; 10 mL/min isocratic run, 60% acetonitrile in water, 254 

nm. Figure 3.45 shows the HPLC chromatogram of the fraction (UtSPE3-7CC3) from which 

AK-13 was isolated. Figures 3.46 and 3.47 show the normal-phase analytical TLC and 1H 

NMR spectrum of the isolated oxindole compounds, respectively.  

 

Figure 3.45 The analytical HPLC chromatogram of UtSPE3-7CC3 (Ascentis® column C18, 
25 x 4.6 mm, 5 μm; 1 μL/min isocratic run, 60% acetonitrile in water, 254 nm) 

 

Figure 3.46 Analytical TLC plates for the isolated oxindole compounds; the left plate (ethyl 
acetate: acetone, 1:1, v/v, 254 nm) and the right plate (ethyl acetate: hexane: methanol, 
9:1:1, v/v, Dragendorff’s reagent), Key: 8*- AK-11, 12G - AK-12, C3(1) - AK-13  and 151F  - 
AK-14.  

=====================================================================
Acq. Operator   : AWO and GUGU                   Seq. Line :  11
Acq. Instrument : Instrument 1                    Location : Vial 33
Injection Date  : 12-Aug-15 9:06:45 PM                 Inj :   1
                                                Inj Volume : 10.0 µl
Acq. Method     : C:\CHEM32\1\DATA\AWO AND GUGU 12-8-2015\GANG LI 11-08-15 2015-08-12 12-32-
                  06\SIMON_60_30MIN.M
Last changed    : 24-Jul-15 6:51:31 PM by AWO
Analysis Method : C:\CHEM32\1\METHODS\IBUPROFEN (FD) PAMELA.M
Last changed    : 20-Oct-15 1:59:43 PM by Pamela
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=====================================================================
                         Area Percent Report                         
=====================================================================
 
Sorted By             :      Signal
Multiplier:                   :      1.0000
Dilution:                     :      1.0000
Use Multiplier & Dilution Factor with ISTDs
 
 
Signal 1: VWD1 A, Wavelength=254 nm
 
Peak RetTime Type  Width     Area      Height     Area  
  #   [min]        [min]  mAU   *s   [mAU   ]       %
----|-------|----|-------|----------|----------|--------|
   1   1.171 BB    0.0579    2.14777 5.78568e-1   0.0104
   2   1.739 BV    0.1930   19.71781    1.33234   0.0953
   3   1.984 VB    0.1925   10.39366 6.81318e-1   0.0502
   4   2.530 BV    0.1493   46.86904    4.14828   0.2265
   5   2.850 VV    0.1627  106.81915    8.66937   0.5163
   6   2.985 VV    0.2398  258.94263   14.05061   1.2515
   7   3.502 VV    0.2089   51.81380    3.59453   0.2504
   8   3.908 VV    0.2494  113.62690    6.98853   0.5492

Data File C:\CHEM32\...D GUGU 12-8-2015\GANG LI 11-08-15 2015-08-12 12-32-06\SIG10000011.D
Sample Name: CC 3

Instrument 1 27-Oct-15 12:35:18 PM Pamela Page 1 of 2
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Figure 3.47 1H NMR spectrum for the isolated alkaloids (AK-11 (purple spectrum), AK-12 (green spectrum), AK-13 (red spectrum) and AK-14 (blue 
spectrum)), 500 MHz, AK-11 to -13 were recorded in DMSO and AK-14 was recorded in CD3OD  
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3.2.7.1 Characterisation of the isolated oxindole alkaloids 

The NMR spectra and ESI-MS measurements for all four isolated compounds (AK-11, AK-

12, AK-13 and AK-14) were similar but the analytical TLC of the compounds showed 

different Rf values; AK-11 (0.56), AK-12 (0.54), AK-13 (0.75) and AK-14 (0.39) in ethyl 

acetate: hexane: methanol, 9:1:1, v/v (Figures 3.46 and 3.47, supporting information). This 

indicated that they might be stereoisomers. A careful inspection of their NMR spectra 

revealed the presence of five rings and five chiral centers; C-3, C-7, C-15, C-20 and C-19 for 

all four compounds and Figure 3.48 shows core structure.  

 

Figure 3.48 The core structure for the isolated oxindole alkaloids (AK-11 to -14) 

AK-11 was isolated as white needle-like crystals. The ESI-MS gave an [M+H]+ ion at m/z 

369.3, which indicated that its molecular formula was C21H24N2O4. The 1H NMR spectrum 

revealed six proton signals in the low field region; five of them (δH 10.18 (s, H-1), δH 7.27 (d, 

J = 7.5 Hz, H-9), δH 6.97 (t, J = 7.5 Hz, H-10), δH 7.16 (t, J = 7.5 Hz, H-11), δH 6.79 (d, J = 

8.0 Hz, H-12) accounted for all the positions on the oxindole nucleus (ring A and B) and the 

remaining one at δH 7.41 (s, J = 1.5Hz, H-17) was due to the olefinic hydrogen (ring E). H-9, 
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showed a 3J correlation to the aromatic carbon C-11 (δC 127.2) and aromatic quaternary 

carbon C-13 (δC 141.9). H-10 ortho coupled to both H-9 and H-11 and showed a 3J 

correlation to aromatic carbon C-12 (δC 108.8). H-11 ortho coupled to H-12, which in turn 

showed a 4JHH coupling to H-1. H-1 in turn showed a 2J correlation to C-13. This then 

confirmed the structural assignment of the protons on the oxindole nucleus. The presence of 

a carbonyl group (C-2, δC 179.7) on ring B was revealed by the HMBC correlations of H-1, 

H2-6 (2H, δH 1.86 and 2.15), H-3 (δH 2.30, dd, J = 9.0, 2.0 Hz) and H-14a (δH 2.09, d, J = 

12.0, 3.0 Hz) to the carbonyl carbon (C-2). The IR absorption band at 1621.12 cm-1 

confirmed the presence of the amide functional group in the structure. The HMBC 

correlations of the germinal protons; H-5a (δH 2.43, q, J = 9.0 Hz) to C-21 (δC 52.9), H-5b (δH 

3.13, dd, J = 8.5, 1.5 Hz) to the spiro carbon C-7 (δC 54.8) and C-3 (δC 73.2), H-21a (δH 1.77, 

q, J = 10.5 Hz) to C-5 (δC 53.5), and C-20 (δC 40.3), H-21b (δH 3.05, dd, J = 7.5, 2.5 Hz) to 

C-15 (δC 29.7) and C-3 (δC 73.2), and the methine proton H-3 to C-8 (δC 133.8) and C-2 (δC 

179.7), together with their chemical shifts indicated that the two methylenes and the methine 

were closely located near an electronegative atom, nitrogen at positions 3, 5 and 21. HMBC  

 

Figure 3.49 Selected HMBC correlations for AK-11  
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correlations of the methylene protons; H-6a (δH 2.15, q, J = 8.5, 1.5 Hz) to C-7, H-6b (δH 1.86, 

dd, J = 10.0, 7.5 Hz) to C-5 and C-8 and the coupling between H-6 and H-5, confirmed their 

position on the cyclic ring C. The 3J correlation of methylene proton H-14b (δH 0.86, q, J = 

11.5 Hz) to C-3 and the coupling to H-15 (δH 1.98, t, J = 1.98 Hz), confirmed its position on 

the cyclic ring D. H-15 in turn coupled to H-20 (δH 1.71, q, J = 11.0 Hz), which suggested the 

methine carbon (C-20, δC 40.3) was the link between rings D and E. This was confirmed by 

the HMBC correlations of methylene hydrogen (H-21a) and methyl hydrogens (δH 1.03, d, J = 

7.0 Hz) to C-20, which bears H-20. The methyl hydrogens also showed a 2J correlation to the 

oxygenated carbon (C-19, δC 73.3), to which this methyl group was directly attached (Figure 

3.49). The olefinic hydrogen, H-17, showed HMBC correlations to the cyclic carbon C-15 (δC 

29.7), cyclic quaternary carbon C-16 (δC 106.6), C-19 (δC 73.3) and carbonyl carbon C-1’ (δC 

166.1), this confirmed its placement on ring E. The methoxyl hydrogens (δH 3.50, H3-3’) 

showed a 3J correlation to the carbonyl carbon, C-1’ to which this methoxyl group was 

directly attached. The strong IR absorption bands at 1723.27 cm-1 (the ester carbonyl) and 

1293.11 cm-1 (the cyclic ether) confirmed the presences of the functional group on the ring E. 

The NMR assignment of the other alkaloids (AK-12, AK-13 and AK-14) was performed by 

essentially the same procedure. Full structural assignment of all 1H and 13C resonances was 

achieved by analyses of the 2- dimensional NMR spectra data as shown in Table 3.12. 

A careful inspection of the 1H and COSY NMR spectra of AK-11 showed some key vicinal 

couplings (3JHH); an axial-axial coupling between H-15 (J = 9.0 Hz) and H-20 (J = 10.5, 2.5 

Hz), a Jae coupling between H-20 and the germinal proton H-21b (J = 2.5 Hz) and a Jae 

coupling between H-3 (J = 2.5 Hz) and H-14a (J = 3.0 Hz). The NOESY spectrum revealed, 

cross peaks between H-15 and the methyl hydrogens (δH 1.03) and between H-20 and H-19. 

Based on the NOESY data, the coupling constants and by comparison with literature reports 

(Shamma et al., 1967; Seki et al., 1993; Muhammad et al., 2001), AK-11 was identified as 

isomitraphylline (Figure 3.50). The full NMR spectra of AK-11 are shown in Figures 2.7 to 

2.13 of the materials and methods chapter. 
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Table 3.12 1H (coupling constants, Hz) and 13C NMR spectral data (ppm) and HMBC 
correlations of AK-11, recorded in DMSO-d6 

Position 1H 13C 2J 3J   4J 

13C 
Seki et al., 

1993 (CDCl3, 
125 MHz) 

1 10.18 s - C2, C13 C7, C8  - 
2 - 179.7    180.7 
3 2.30 dd (9.0, 

2.5) 
73.7 C7 C8  71.8 

4 - -    - 
5a, b  2.43 q (9.0), 

3.13 dd (8.5, 
4.5)  

53.5  C3, C7, C21  53.4 

6a, b  2.15 q (8.5, 
1.5) 1.86 dd 
(10.0, 7.5) 

34.4 C5, C7 C2, C8  35.4 

7 - 54.8    56.3 
8 - 133.8    133.8 
9 7.27 d (7.5) 123.1  C7, C11, 

C13 
 124.9 

10 6.97 t (7.5) 121.6  C8, C12  122.4 
11 7.16 t (7.5) 127.7  C9, C13  127.5 
12 6.79 d (8.0) 108.8  C8, C10  109.3 

13 - 141.9    139.9 
14a, b 2.09 dd 

(12.0, 3.0), 
0.86 q (11.5)  

28.0 C3 C7 C2 29.1 

15 1.98 t (9.0) 29.7    30.0 
16 - 106.6    107.3 
17 7.41 s (1.5) 153.6 C16 C1’, C15, 

C19 
 153.8 

18 - -    - 
19 4.43 m (3.9) 73.3    74.0 
20 1.71 q (10.5, 

2.5) 
40.3    40.9 

21a, b 1.77 q (10.5), 
3.05 dd (7.5, 

2.5)  

52.9 C20 C3, C5, C15  54.3 

1’ - 166.1    167.0 
2’ - -    - 

3’ (-OCH3) 3.50 s 50.6  C1’  50.7 
-CH3 1.03 d (7.0) 14.7 C19 C20  14.8 
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Multiplicities of proton signals: s - singlet, d - doublet, dd - doublet of doublets, t - triplet, q - quartet and m – multiplet 

 

Figure 3.50 Structure for AK-11 

Inspection of the 1H and COSY NMR spectra of AK-12 showed some key vicinal couplings 

(3JHH); an axial-axial coupling between H-15 (J = 14.5, 10.0 Hz) and H-20 (J = 13.5, 4.5 Hz), 

Jaa couplings between the germinal proton H-14b (J = 14.0 Hz) and H-15, H-3 (J = 14.0, 2.5 

Hz), Jae coupling between H-3 and the germinal proton H-14a (J = 11.5, 3.5 Hz) and Jae 

coupling between H-20 and H-19 (J = 4.0 Hz). The NOESY spectrum revealed, cross peaks 

between H-3 and H-15 and between H-21 and H-19. Based on the NOESY data, the 

coupling constants and by comparison with literature reports (Shamma et al., 1967; Seki et 

al., 1993; Muhammad et al., 2001), AK-12 was identified as mitraphylline (Figure 3.51).  
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Figure 3.51 Structure for AK-12 

Inspection of the 1H and COSY NMR spectra of AK-14 showed some key vicinal couplings 

(3JHH); an axial-equatorial coupling between H-15 (J = 6.5 Hz) and H-20 (J = 6.5 Hz), and a 

Jaa coupling between H-3 (J = 11.5 Hz) and the germinal proton H-14a (J = 11.5, Hz). The 

NOESY spectrum revealed, cross peaks between H-3 and H-14b and between H-15 and H-

20. Based on the NOESY data, the coupling constants and by comparison with literature 

reports (Shamma et al., 1967; Seki et al., 1993; Muhammad et al., 2001), AK-14 was 

identified as speciophylline (Uncarine D, Figure 3.52). 
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Figure 3.52 Structure for AK-14 

For AK-13, it was difficult to determine its stereochemistry using the NMR data obtained 

because of the severely overlapped proton signals at δH 2.23 (q, J = 12.0, 9.5 Hz). This 

signal integrated for 3 protons (H-3, H-15 and H-21a) and coupled to four protons at H-14a 

(J = 11.5 Hz), H-14b (J = 12.0 Hz), H-20 (J = 9.5, 4.5 Hz) and H-21b (J = 10.5, 1.0 Hz). The 

NOESY spectrum also revealed, a cross peak between the signal at δH 2.23 and H-9 (J = 7.0 

Hz). This led to an inconclusive decision on the stereochemistry of AK-13, although we 

suspect it to be a formasonine (Uncarine B, Figure 3.53), based on the NOESY data, the 

coupling constants and by comparison with literature reports (Shamma et al., 1967; Seki et 

al., 1993; Muhammad et al., 2001).  

The 1H and 13C NMR data, and NOESY spectrum of the isolated oxindole alkaloids are 

shown in Section 3.2.8.5 and at the appendix section, respectively. 
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Figure 3.53 Tentative structure for AK-13 

 

3.2.8  Isolation from M. lowiana 

Powdered M. lowiana stem bark  (592 g) was successively extracted with hexane, 

chloroform and methanol; this gave a yield of 0.7%, 1.1% and 2.2%, respectively. The 

hexane extract (AK-17) was extracted as a pure compound (an amide), which was identified 

by its 1H NMR spectrum (Figure 3.62) and TLC run (Rf value: 0.7, methanol: water (9:1, v/v). 

The methanol extract was subjected to reverse phase SPE, which yielded two compounds, 

AK-15 (a flavone) and AK-16 (an amide). AK-15 (41.6 mg) was eluted with 60% methanol in 

water. AK-16 (24.1mg) was eluted with methanol and water (9:1, v/v). A lignan compound, 

AK-18 (15.3 mg) was isolated from the chloroform extract. It was obtained as a granular 

residue from the concentrated chloroform extract. The isolated granular residue was later 

washed in methanol to obtain the pure compound. 
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3.2.8.1 Characterisation of AK-15 as 4’, 7-dihydroxy-5-methoxyflavone 

AK-15 was isolated as a yellow solid. The accurate mass measurement gave an [M-H]¯ ion 

at m/z 283.0616 which indicated that its molecular formula was C16H12O5. The 1H NMR 

resonance pattern of this compound was indicative of a flavone (Brown, 1980).  

 

Figure 3.54 Structure for AK-15 

The 1H NMR spectrum revealed the presence of two aromatic singlets, δH 6.22 (J = 2.0 Hz, 

H-6) and δH 6.34 (J = 2.5 Hz H-8) on the aromatic ring A. The positioning of the methoxyl 

group (δC 55.8, δH 3.78) on this ring was confirmed by a 3J correlation of the methoxyl 

hydrogens to the aromatic quaternary carbon (C-5, δC 163.0). This was also supported by 

the 2J correlation of the aromatic singlet H-6 to C-5. The placement of the hydroxyl group on 

the aromatic ring A was revealed by the 2J correlation of the hydroxyl hyrogen (δH 8.13) to 

the aromatic quaternary carbon (C-7, δC 163.9) and confirmed by the 2J correlation of H-6 to 

C-7. The heterocyclic ring C was directly attached to the ring A at positions C-9 (δC 159.8) 

and C-10 (δC 106.3). This was confirmed by the 2J correlation of H-8 to C-9 and the 3J 

correlation of H-3 (δH 6.49) to C-10. H-3 also correlated to the carbonyl carbon (C-4, δC 

159.8) and the aromatic quaternary carbon (C-2, δC 123.4), which confirmed the placement 

of these carbons (C-4 and C-2) on the heterocyclic ring C. The aromatic ring B was revealed 

as an AA’BB’ spin system in the 1H NMR spectrum, with two doublets (δH 7.36, H-2’, -6’ and 
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δH 6.83, H-3’, -5’) integrating for two protons each, with a strong ortho coupling (J = 8.5 Hz) 

of the protons. This spin system was well supported by the para positioning of the hydroxyl 

group (δH 8.06) to the C-1’ (δC 124.8) - (C-2 δC 123.4) linkage on ring B, which was revealed 

by HMBC correlations as shown in Figure 3.55. Full assignment of the all 1H and 13C 

resonances was achieved by analyses of the 2-dimensional NMR spectra. The summary of 

this data is shown in Table 3.13 and the HMBC spectrum is shown in Figure 3.56. AK-15 

was therefore assigned as 7-hydroxy-2-(4-hydroxyphenyl)-5-methoxy-4H- chromen-4-one or 

4’,7-dihydroxy-5-methoxyflavone. This compound is also known as thevetiaflavone. The 1H  

 

Figure 3.55 Selected HMBC correlations for AK-15  

and 13C NMR data of this compound are in good agreement with published literature 

(Aurnhammer et al., 1971; Mbouangouerea et al., 2007). This compound had previously 

been reported for in Thevetia peruviana, Piptadenia africana, Capparis spinosa and Brucea 

javanica (Aurnhammer et al., 1971; Mbouangouerea et al., 2007; Zhou et al., 2010; Zhao et 

al., 2011). 
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Table 3.13 1H (coupling constants, Hz) and 13C NMR spectral data (ppm) and HMBC 
correlations of AK-15, recorded in methanol-d4 

Position 1H 13C 2J 3J 

13C 
Mbouangouerea 

et al., 2007 
(CDCl3, 100 

MHz) 

2  - 162.6   163.8 
3  6.49 s 103.2 C2 C10 115.8 
4 - 166.0   182.4 
5 - 163.0   163.0 
6  6.22 s (2) 100.2 C5, C7 C8, C10 115.6 
7  - 163.9   160.6 
8  6.34 s (2.5) 94.8 C7, C9 C6, C10 115.8 
9  - 159.8   164.5 

10  - 106.3   128.1 
-OCH3  3.78 s 55.8  C5 53.2 
-OH 8.13 s  C7   
1’ - 124.8   122.3 
2’ 7.36 d (8.5) 131.4 C1’ C2, C6’, C4’ 99.1 
3’ 6.83 d (8.5) 116.3 C4’ C1’, C5’ 103.2 
4’  - 158.9   160.6 
5’ 6.83 d (8.5) 116.3 C4’ C1’, C3’ 104.4 
6’ 7.36 d (8.5) 131.4 C1’ C2, C2’, C4’ 99.1 

-OH 8.06 s - C4’   

Multiplicities of proton signals: s – singlet and d - doublet 
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Figure 3.56 HMQC NMR spectrum for AK-15, recorded in CD3OD, 500 MHz
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3.2.8.2 Characterisation of AK-16 as 9-oxo-9-((3-phenylpropyl)amino)nonanoic acid 

AK-16 was isolated as a brown solid. The HRTOFESIMS measurement gave an [(M-H)-

CO2H]¯ ion at m/z 261.185, which indicated that its molecular formula was C18H27NO3.  

 

Figure 3.57 Structure for AK-16 

The 1H NMR spectrum revealed five aromatic hydrogens (δH 7.14 (d, H-2’, -6’), δH 7.21 (t, H-

3’, -5’) and δH 7.11(t, H-4’)) and twenty methylene hydrogens (δH 1.29 (12H), δH 1.57 (4H), 

δH 2.25 (1H), δH 2.29 (1H) and δH 2.25 (2H)), which accounted for all the hydrogen positions 

on the 9-oxo-9-(propylamino)nonanoic acid chain. Its IR spectrum showed a strong 

absorption band at 1706.68 cm-1 and 3348.28 cm-1, which confirmed the presence of the 

amide and the carboxylic acid functional groups, respectively. The aromatic ring of AK-16 

was assigned based on the HMBC correlations of the aromatic hydrogens to the aromatic 

carbons; H-2’ to C-3’ (δC 129.3), C-4’ (δC 126.7), C-6’ (δC 129.4), H-3’ to C-1’ (δC 144.0), C-

5’ (δC 129.3), H-4’ to C-6’, H-5’ to C-6’, C-1’ and H-6’ to C-5’. This structural assignment was 

well supported by the proton splitting pattern and integration observed in the 1H NMR 

spectrum (Figure 3.58). The 9-oxo-9-(propylamino)nonanoic acid chain was assigned based 

on the HMQC and HMBC correlations as shown in Figure 3.60. The position of the amide 

carbonyl on the 9-oxo-9-(propylamino)nonanoic acid chain was revealed by a 2J correlation 

of methylene hydrogen H-8 (δH 2.29) and a 4J correlation of methylene hydrogens H-12 (δH 

1.57) to its carbon C-9 (δC 176.2). H-12 also showed a 3J correlation to the aromatic 

quaternary carbon C-1’ (δC 144.0). This confirmed the placement of amide group, near the 
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phenyl moiety. The carboxylic group was positioned at the end of the chain, based on a 2J 

correlation of the methylene hydrogen H-2 (δH 2.25) to carboxylic carbon C-1 (δC 177.8). H-2 

also showed correlations to the carbons of the methylene envelope, which confirmed the 

placement of the carboxylic group. The phenyl moiety was linked onto the 9-oxo-9-

(propylamino)nonanoic acid chain based on the HMBC correlations of the methylene 

hydrogens H-13 (δH 2.57) to the aromatic quaternary carbon C-1’ and the aromatic carbons 

(C-2’ and C-6’). Full structural assignment of all 1H and 13C resonances was achieved by 

analyses of the 2-dimensional NMR spectra data as shown in Table 3.14. AK-16 was 

therefore assigned as 9-oxo-9-((3-phenylpropyl)amino)nonanoic acid. To our knowledge this 

is the first report of 9-oxo-9-((3-phenylpropyl)amino)nonanoic acid for M. lowiana. 
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Figure 3.58 1H NMR spectrum for AK-16, recorded in CD3OD, 500 MHz 
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Figure 3.59 HMBC NMR spectrum for AK-16 
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EXPNO                14
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Time              20.55
INSTRUM           av500
PROBHD   5 mm CPQNP 1H/
PULPROG  inv4gplplrndqf
TD                 1024
SOLVENT            MeOD
NS                    8
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Figure 3.60 Selected HMBC correlations for AK-16 

Table 3.14 1H (coupling constants, Hz) and 13C NMR spectral data (ppm) and HMBC 
correlations of AK-16, recorded in methanol-d4 

Position 1H 13C 2J 3J  4J 

1 (COOH) - 177.8    
2  2.25 t, 1.29 35.0 C1, C3   
3  1.57 q 26.1 C2, C4 C5  
4 1.29 30.4 C3, C5 C6  
5 1.29 30.6 C4, C6 C3  
6  1.29 30.7 C5, C7 C4  
7  1.29 30.2 C6, C8 C5  
8  2.29 t, 1.29 34.9 C9, C7   

9 (C=O) - 176.2    
10 (N-H) - -    

11  1.29 30.6   C8 
12  1.57 q 32.8 C11, C13 C1’ C9 
13  2.57 37.0 C12, C1’ C2’, C6’, 

C11 
 

1’ - 144.0    
2’ 7.14 d (7.5) 129.4 C3’ C4’, C6’, 

C13 
 

3’ 7.21 t (7.5) 129.3 C2’ C1’, C5’  
4’  7.11 t (7.0) 126.7  C2’, C6’  
5’ 7.21 t (7.5) 129.3 C6’ C1’, C3’  
6’ 7.14 d (7.5) 129.4 C5’ C2’, C4’, 

C13 
 

Multiplicities of proton signals: d - doublet, t - triplet and q – quintet 
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3.2.8.3 Characterisation of AK-17 as 11-oxo-11-((3-phenylpropyl)amino)undecanoic 

acid  

AK-17 was isolated as an olive green liquid. The HRTOFESIMS measurement gave an [(M-

H)-CO2H]¯ ion at m/z 287.2051, which indicated that its molecular formula was C20H31NO3.  

 

Figure 3.61 Structure for AK-17 

The NMR spectrum for AK-17 was similar to that of AK-16, suggesting that it has similar 

chemical structure. The difference between the two compounds was the presence of two 

extra methylenes (Figure 3.62). Based on this evidence and analyses of the HMQC, HMBC 

and COSY correlations (Figure 3.63 and Table 3.15, supporting information), the structure of 

AK-17 was readily determined to be 11-oxo-11-((3-phenylpropyl)amino)undecanoic acid. To 

our knowledge this is the first report of 11-oxo-11-((3-phenylpropyl)amino)undecanoic acid 

for M. lowiana.  
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Figure 3.62 1H NMR spectrum for AK-17, recorded in DMSO, 500 MHz 
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Figure 3.63 HMBC spectrum for AK-17
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NAME     ak1-Jun11-2015-44MiHEX
EXPNO                14
PROCNO                1

F2 - Acquisition Parameters
Date_          20150612
Time              22.01
INSTRUM           av500
PROBHD   5 mm CPQNP 1H/
PULPROG  inv4gplplrndqf
TD                 1024
SOLVENT            DMSO
NS                   16
DS                   16
SWH            7062.147 Hz
FIDRES         6.896628 Hz
AQ            0.0724992 sec
RG                26008
DW               70.800 usec
DE                 6.00 usec
TE                300.0 K
CNST2       145.0000000
D0           0.00000300 sec
D1           1.50450504 sec
D2           0.00344828 sec
D6           0.06500000 sec
D13          0.00000400 sec
D16          0.00020000 sec
IN0          0.00001590 sec

======== CHANNEL f1 ========
NUC1                 1H
P1                13.90 usec
P2                27.80 usec
PL1                2.00 dB
PL1W         6.41881752 W
SFO1        500.1330254 MHz

======== CHANNEL f2 ========
NUC2                13C
P3                11.75 usec
PL2                5.00 dB
PL2W        27.88092041 W
SFO2        125.7702953 MHz

====== GRADIENT CHANNEL =====
GPNAM[1]       SINE.100
GPNAM[2]       SINE.100
GPNAM[3]       SINE.100
GPZ1              50.00 %
GPZ2              30.00 %
GPZ3              40.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  128
SFO1           125.7703 MHz
FIDRES       245.645111 Hz
SW              250.000 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          500.1300053 MHz
WDW                SINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          125.7578498 MHz
WDW                SINE
SSB      0
LB       0 Hz
GB       0

Sample Ref MIHEX1

H-2’, -6’ / C-5 

H-3’, -5’ / C-1’ 

H-2’, -3’, -4’, -5’, -6’ / C-4’ 

H-2’, -6’, -3’, -5’ / C-3’, -5’, -2’, -6’ 

H-13 / C-11 H-3 / C-1 

H-15 / C-1’ 

H-15 / C-2’, -6’ 
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Table 3.15 1H (coupling constants, Hz) and 13C NMR spectral data (ppm) and HMBC 
correlations of AK-17, recorded in DMSO-d6 

Position 1H 13C 2J 3J  4J 

1 (COOH) - 174.4    
2  1.23 28.9 C3 C4  
3  1.45 dq (7.0) 24.4 C2, C4 C1  
4 1.23 28.6 C3, C5 C2  

5 1.23 28.7 C4, C6   
6  1.23 28.8 C5, C7   
7  1.23 28.8 C6, C8   
8  1.23 28.5 C7, C9   
9  1.23 28.9 C8, C10 C11  

10 1.23 28.8 C9, C11 C8  
11 (C=O) - 173.9    
12 (N-H) 11.98 -    

13 2.15 t (7.5) 33.6  C11 C10 
14  1.52 q (7.0) 31.0 C13 C1’ C11 
15 2.53 t (7.5) 35.1 C1’, C14 C2’, C6’  
1’ - 142.2    
2’ 7.15 d (7.0) 128.2 C3’ C4’  
3’ 7.23 t (7.0) 128.1 C2’ C1’, C5’  
4’  7.13 t (7.0) 125.5    
5’ 7.23 t (7.0) 128.1 C6’ C1’, C3’  
6’ 7.15 d (7.0) 128.2 C5’ C4’, C15  

Multiplicities of proton signals: dq – doublet of quintet, t – triplet and q – quintet 

 

3.2.8.4 Characterisation of AK-18 as 8-(4-hydroxy-3-methoxyphenyl)-3-methoxy-6,7-

dimethyl-5,6,7,8-tetrahydronaphthalen-2-ol 

AK-18 was isolated as pale yellow granules. The ESI-MS measurement gave an [M-H]¯ ion 

at m/z 327.1, which indicated that its molecular formula was C20H24O4. 
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Figure 3.64 Structure for AK-18 

 

The 1H NMR spectrum (Figure 3.65) revealed a tri-substituted aromatic ring (δH 6.49 (dd, J = 

8.0, 2.0 Hz, H-2’), δH 6.68 (d, J = 8.0 Hz, H-3’) and δH 6.59 (s, J = 2.0 Hz, H-6’)), a tetra-

substituted aromatic ring (δH 6.01 (s, H-3) and δH 6.55 (s, H-6)), two methoxyl ((δc 55.4, δH 

3.69) and (δc 55.6, δH 3.69)) and two hydroxyl groups (δH 8.41, δH 8.71). In addition, it 

revealed two methyl doublets (δH 1.01 (d, J = 6.0 Hz, H3-9) and δH 0.77 (d, J = 6.0 Hz, H3-

9’)), a methine doublet (δH 3.27, d, J = 10.0 Hz, H-7’), and a methine multiplet integrating for 

two protons (δH 1.46, H-8 and H-8’), as well as signals for the germinal protons of the 

methylene (δH 2.52, d, J = 11.0 Hz, H-7a and δH 2.64, dd, J = 16.5, 4.5 Hz, H-7b). These 

data suggested that AK-18 was a 2,7’-cyclolignan derivative with two methoxyl and two 

hydroxyl groups. The 2,7’-cyclization and linkage to the aromatic rings was confirmed by the 

HMBC correlations of H2-7 to C-1 and H-7’ to C-1, C-2, C-1’, C-2’, C-6’, C-8’ and C-9’, 

together with their chemical shifts (Figures 3.66, 3.68 and Table 3.16, supporting 

information). The methyl hydrogens placed on C-8 and C-8’ of the phenyltetralin skeleton 

was revealed by the HMBC correlations of H3-9 to C-7, C-8 and C-8’, and H3-9’ to C-7’, C-8’ 

and C-8, which was confirmed by the COSY coupling between H3-9 and H-8 and between 
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H3-9’ and H-8’. The HMBC correlations of the methoxyl hydrogens to C-5 (δC 145.5) and C-5’ 

(δC 147.3), H-3 to C-1, C-5, C-7’, H-6 to C-2, C-4, C-7, H-3’ to C-1’, C-4’, C-5’, H-6’ to C-2’, 

and C-6, together with their chemical shifts indicated that the two methoxyl and two hydroxyl 

groups were located at C-5, C-5’, and, C-4 and C-4’, respectively. In the NOESY spectrum, 

cross peaks between the methoxyl hydrogens and H-6, and between the methoxyl 

hydrogens and H-6’, confirmed their placement on the aromatic rings (Figure 3.67). In 

addition, cross peaks between H-7 and H-6, H3-9, between H-8’ and H-6’, H-2’, between H-7’ 

and H3-9’, and the hydroxyl hydrogens indicated that H-8’ was trans-oriented to both H-7’ 

and H-8 (Figure 3.67). Full structural assignment of all 1H and 13C resonances was achieved 

by analyses of the 2-dimensional NMR spectra data as shown in Table 3.16. AK-18 was 

therefore assigned as 8-(4-hydroxy-3-methoxyphenyl)-3-methoxy-6,7-dimethyl-5,6,7,8-

tetrahydronaphthalen-2-ol, which is commonly known as guaiacin. The 1H and 13C NMR data 

were in close agreement with published literature for guaiacin (Majumder et al., 1972). 

Additionally, this compound has been reported for in Myristica fragrans and Machilus 

wangchiana (Yang et al., 2008; Cheng et al., 2009). 



 

  

145 

 

Figure 3.65 1H NMR spectrum for AK-18, recorded in DMSO, 500 MHz 

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 ppm

0.
77

3
0.

78
5

1.
01

5
1.

02
8

1.
43

5
1.

44
8

1.
46

0
1.

46
8

1.
48

1
1.

48
9

1.
50

1
1.

51
7

1.
52

7
1.

53
9

1.
55

1
1.

56
0

1.
57

3
2.

52
1

2.
54

3
2.

64
6

2.
65

4
2.

67
8

2.
68

6
3.

27
9

3.
29

9
3.

68
9

6.
01

3
6.

48
9

6.
49

3
6.

50
5

6.
50

9
6.

55
2

6.
59

7
6.

60
0

6.
68

4
6.

70
0

8.
41

0

8.
71

5

3.0
6

3.0
2

2.0
9

0.8
7

1.0
3

1.1
2

6.0
5

1.0
0

1.0
0

1.0
1

1.0
1

1.0
2

0.9
8

0.9
3

Current Data Parameters
NAME     ak1-Jun23-2015-8MiChlg original
EXPNO                10
PROCNO                1

F2 - Acquisition Parameters
Date_          20150623
Time               8.45
INSTRUM           av500
PROBHD   5 mm CPQNP 1H/
PULPROG            zg30
TD                65536
SOLVENT            DMSO
NS                   64
DS                    2
SWH           10330.578 Hz
FIDRES         0.157632 Hz
AQ            3.1719425 sec
RG                 25.4
DW               48.400 usec
DE                 6.00 usec
TE                300.0 K
D1           1.00000000 sec
TD0                   1

======== CHANNEL f1 ========
NUC1                 1H
P1                13.90 usec
PL1                2.00 dB
PL1W         6.41881752 W
SFO1        500.1330885 MHz

F2 - Processing parameters
SI                32768
SF          500.1300052 MHz
WDW                  EM
SSB      0
LB                 0.30 Hz
GB       0
PC                 1.00

Sample Ref MiChlg

6.66.7 ppm
6.

49
3

6.
50

5
6.

50
9

6.
55

2

6.
59

7
6.

60
0

6.
68

4
6.

70
0

0.91.0 ppm

0.
77

3
0.

78
5

1.
01

5
1.

02
8

H-9’ H-9 

H-8, H-8’ 
H-7 

H-7’ 

-OCH3 

H-3 

H-2’ 

H-6 

H-6’ 
H-3’ 

H-4 
H-4’ 



 

  

146 

 

Figure 3.66 HMBC NMR spectrum for AK-18 
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EXPNO                14
PROCNO                1

F2 - Acquisition Parameters
Date_          20150623
Time              20.17
INSTRUM           av500
PROBHD   5 mm CPQNP 1H/
PULPROG  inv4gplplrndqf
TD                 1024
SOLVENT            DMSO
NS                    8
DS                   16
SWH            4770.992 Hz
FIDRES         4.659172 Hz
AQ            0.1073152 sec
RG                46341
DW              104.800 usec
DE                 6.00 usec
TE                300.0 K
CNST2       145.0000000
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GPNAM[1]       SINE.100
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GPZ3              40.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  128
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FIDRES       245.645111 Hz
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Figure 3.67 NOESY NMR spectrum for AK-18 
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Table 3.16 1H (coupling constants, Hz) and 13C NMR spectral data (ppm) and HMBC 
correlations of AK-18, recorded in DMSO-d6 

Position 1H 13C 2J 3J  1H 
Majumder et 

al., 1972 
(CDCl3, 60 

MHz) 

1  - 126.7    
2  - 132.5    
3  6.01 s 116.1  C1, C5, C7’ 6.50 

4 (-OH) 8.41 br s 144.0    
5 - 145.5    
6  6.55 s 111.4  C2, C4, C7 6.68 
7  2.52 d (11.0), 

2.64 dd (16.0, 
4.5) 

38.3 C1  2.65 m 

8  1.46 m 35.2   1.53 m 
9 (-CH3) 1.01 d (6.0) 19.8 C8 C7, C8’ 1.05 d (6.0) 
-OCH3 3.69 s 55.4  C5 3.80 s 

1’ - 137.4    
2’ 6.49 dd (8.0, 

2.0) 
112.5 C3’ C4’, C6’, C7’ 6.21 

3’ 6.68 d (8.0) 115.2 C4’ C1’, C5’ 6.69 
4’ (-OH) 8.71 br s 144.6    

5’ - 147.3    
6’ 6.59 s (2.0) 112.9  C2’, C7’ 6.61 s 
7’ 3.27 d (10.0) 53.1 C2, C1’, C8’ C1, C2’, C6’, 

C9’ 
2.65 m 

8’ 1.46 m 42.9   1.53 m 
9’ (-CH3) 0.77 d (6) 17.0 C8’ C7’, C8 0.84 d (6) 
-OCH3 3.69 s 55.6  C5’ 3.80 s 

Multiplicities of proton signals: br s - broad singlet, d - doublet, dd - double of doublet, s - singlet, and m - multiplet 
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Figure 3.68 Selected HMBC correlations for AK-18 

 

3.2.8.5 Physical Properties of isolated compounds 

• 3-Butenyl glucosinolate (AK-1) 

Amorphous greenish bluish solid; IR (film) Vmax: 3396.42, 2924.76, 2074.86, 

1641.19, 1576.40, 1238.76, 1112.10, 1058.20, 916.68, 877.15, 797.63, 642.89, 

621.32 cm-1; 1H NMR (500 MHz, CD3OD) and 13C NMR (125 MHz, CD3OD): see 

Table 3.2; HRTOFESIMS m/z 372.0406 [M-H]¯ (Calcd for C11H18NO9S2
- , 372.0423). 

 

• 4-Hyroxylbenzyl glucosinolate (AK-2) 

Straw coloured gummy liquid; IR (film) Vmax: 3383.57, 3005.26, 2920.82, 1653.04, 

1436.65, 1406.65, 1316.01, 1012.44, 951.11, 899.87, 703.08 cm-1; 1H NMR  (500 

MHz, DMSO) and 13C NMR (125 MHz, DMSO): see Table 3.3; HRTOFESIMS m/z 

O

HO

OH

O
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424.0363 [M-H]¯ (Calcd for C14H18NO10S2
- , 424.0372). 

 

• 2-Propenyl glucosinolate  (AK-3, compound 1) 

Brownish solid. IR (film) Vmax: 3376.02, 2925.35, 2859.50, 1642.95, 1575.29, 

1411.14, 1235.05, 1057.99, 941.96, 876.48, 795.71, 701.20, 635.93 cm-1; 1H NMR 

(500 MHz, DMSO) and 13C NMR (125 MHz, DMSO): see Table 3.4; ESI-MS m/z 

358.0 [M-H]¯ (Calcd for C10H16NO9S2
-, 358.3663).  

 

• 2-Phenylethyl glucosinolate  (AK-3, compound 2) 

Brownish solid. IR (film) Vmax: 3376.02, 2925.35, 2859.50, 1642.95, 1575.29, 

1411.14, 1235.05, 1057.99, 941.96, 876.48, 795.71, 701.20, 635.93 cm-1; 1H NMR 

(500 MHz, DMSO) and 13C NMR (500 MHz, DMSO): see Table 3.5; ESI-MS m/z 

422.0 [M-H]¯ (Calcd for C15H20NO9S2
-, 422.4518).  

 

• 2-(3-(2-((1H-imidazol-2-yl)methyl)-6-methoxyphenoxy)benzyl)-1H-imidazole (AK-4)  

Pale yellow solid; λmax (log ε) 225 (3.67), 278 (2.92) nm; IR (film) Vmax: 2919.76, 

1726.85, 1580.53, 1477.24, 1447.28, 1310.18, 1270.94, 1239.99, 1067.35, 988.93, 

855.16, 736.56, 687.78 cm-1; 1H NMR (500 MHz, CD3OD) and 13C NMR (125 MHz, 

CD3OD): see Tables 3.6-3.7; ESI-MS m/z 361.3 [M+H]+ (Calcd for C21H20N4O2, 

360.4103).  

 

• 3-((1H-imidazol-2-yl)methyl)-2-(3-((1H-imidazol-2-yl)methyl)phenoxy)phenol (AK-5)  

Pale yellow solid; λmax (log ε) 226 (3.79), 272 (3.47) nm; IR (film) Vmax: 2912.42, 

1582.60, 1447.23, 1295.32,1239.29, 1191.03, 1140.03, 1098.60, 989.00, 956.15, 

866.65, 737.08, 687.75 cm-1; 1H NMR (500 MHz, CD3OD) and 13C NMR (125 MHz, 

CD3OD): see Tables 3.6-3.7; HRTOFESIMS m/z 347.1498 [M+H]+ (Calcd for 

C20H18N4O2, 347.1508). 
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• 2-(3-(3-((1H-imidazol-2-yl)methyl)-5methoxy phenoxy)benzyl)-1H-imidazole (AK-6) 

Pale yellow solid; λmax (log ε) 218 (3.97), 228 (4.18) nm; IR (film) Vmax: 2919.76, 

1045.02, 971.15, 799.93, 610.64 cm-1; 1H NMR (500 MHz, CD3OD) and 13C NMR 

(125 MHz, CD3OD): see Tables 3.6-3.7; HRTOFESIMS m/z 361.1659 [M+H]+ (Calcd 

for C21H20N4O2, 361.1664). 

 

• 4-((1H-imidazol-2-yl)methyl)-2-(3-((1H-imidazol-2-yl)methyl)phenoxy)phenol (AK-7)  

Pale yellow solid; λmax (log ε) 226 (3.82), 273 (3.17) nm; IR (film) Vmax: 2916.54, 

1729.41, 1584.85, 1558.69, 1505.37, 1486.34, 1446.99, 1429.11, 1240.52, 1099.19, 

966.63, 863.04, 739.51, 688.47, 666.97 cm-1; 1H NMR (500 MHz, CD3OD) and 13C 

NMR (125 MHz, CD3OD): see Tables 3.6-3.7; ESI-MS m/z 347.1 [M+H]+ (Calcd for 

C20H18N4O2, 346.3836). 

 

• 5-Hydroxy-1-(4-hydroxy-3-methoxyphenyl) dodecan-3-one (AK-8) 

Yellow oil; λmax (log ε) 232 (3.65), 281 (3.49) nm; IR (film) Vmax: 3407.95, 2927.06, 

2856.32, 1704.07, 1603.02, 1516.30, 1465.10, 1431.72, 1368.52, 1271.11, 1235.47, 

1153.29, 1124.91, 1034.80, 813.37 cm-1; 1H (500 MHz, CDCl3) and 13C NMR (125 

MHz, CDCl3): see Table 3.9; ESI-MS m/z 345.3 [M+Na]+ (Calcd for C19H30O4, 

322.4409). 

 

• 5-Hydroxy-1-(4-hydroxy-3-methoxyphenyl) decan-3-one (AK-9) 

Dark brown solid; λmax (log ε) 232 (5.08), 280 (3.51) nm;  IR (film) Vmax: 3367.40, 

2929.13, 2857.29, 1704.57, 1602.50, 1515.33, 1451.70, 1429.80, 1373.31, 1267.84, 

1234.53, 1152.63, 1122.54, 1032.65, 815.16 cm-1; 1H NMR (500 MHz, CD3OD)  and 

13C NMR (125 MHz, CD3OD): see Table 3.10; HRTOFESIMS m/z 293.1753 [M-H]- 

(Calcd for C17H26O4, 293.1753). 

 

• Acacetin-7-O-rutinoside (AK-10) 
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Needle-like crystals. IR (film) Vmax: 3026.07, 2923.54, 2853.11, 1705.21, 1604.43, 

1496.19, 1454.23, 1411.92, 1281.65, 1217.40, 1030.19, 934.23, 745.03, 722.36, 

697.10 cm-1; 1H NMR (500 MHz, DMSO) and 13C NMR (125 MHz, DMSO): see 

Table 3.11; HRTOFESIMS m/z 593.1870 [M+H]+ (Calcd for C28H32O14, 593.1870). 

 

• Isomitraphylline (AK-11) 

White needle-like solid; λmax (log ε) 243 (3.94), 281 (2.60) nm; IR (film) Vmax: 

3629.29, 3242.25, 2977.26, 2886.84, 1723.27, 1700.05, 1621.12, 1487.69, 1473.07, 

1440.78, 1386.03, 1293.11, 1171.65, 1100.11, 1042.53, 920.27, 753.76, 603.93 cm-

1; 1H NMR (500 MHz, DMSO) and 13C NMR (125 MHz, DMSO): see Table 3.12; ESI-

MS m/z 369.3 [M+H]+ (Calcd for C21H24N2O4, 368.1736).  

 

• Mitraphylline (AK-12) 

Granular white solid; IR (film) Vmax: 3255.06, 2938.78, 2794.23, 1723.44, 1701.50, 

1619.32, 1472.93, 1440.29, 1292.73, 1187.31, 1099.95, 753.93 cm-1; 1H NMR (500 

MHz, DMSO) δ: 10.16 (1H, s, H-1), 2.31 (1H, d, J = 14.0, 2.5, H-3), 2.44 (1H, t, J = 

9.5 Hz, H-5a), 3.14 (1H, t, J = 10.0 Hz, H-5b), 2.16 (1H, q, J = 12.5, 2.5 Hz, H-6a), 

1.87 (1H, q, J = 8.5 Hz, H-6b), 7.27 (1H, d, J = 8.5 Hz, H-9), 6.97 (1H, t, J = 9.5, 1.0 

Hz, H-10), 7.16 (1H, t, J = 9.5, 1.5 Hz, H-11), 6.80 (1H, d, J = 8.5 Hz, H-12), 2.10 

(1H, d, J = 11.5, 3.5 Hz, H-14a), 0.87 (1H, q, J = 14.0 Hz, H-14b), 1.99 (1H, t, J = 

14.5, 10.0 Hz, H-15), 7.42 (1H, s, J = 2.0, H-17), 4.43 (1H, m, J = 4.0 Hz, H-19), 

1.73 (1H, d, J = 13.5, 4.5 Hz, H-20), 1.79 (1H, d, J = 12.5 Hz, H-21a), 3.06 (1H, d, J 

= 11.5, 2.5 Hz, H-21b), 3.51 (3H, s, H-3’ (-OMe)), 1.05 (3H, d, J = 8.0  Hz, -Me); 13C 

NMR (125 MHz, DMSO) δ: 179.5 (C-2), 73.5 (C-3), 53.3 (C-5), 34.2 (C-6), 54.3 (C-

7), 133.6 (C-8), 123.9 (C-9), 121.4 (C-10), 127.0 (C-11), 108.6 (C-12), 141.7 (C-13), 

27.8 (C-14), 29.5 (C-15), 106.3 (C-16), 153.4 (C-17), 73.1 (C-19), 40.1 (C-20), 52.7 

(C-21), 165.6 (C-1’), 50.4 (C-3’ (-OMe)), 14.3 (-CH3); ESI-MS m/z 369.3 [M+H]+ 

(Calcd for C21H24N2O4, 368.1736). 
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• Formosanine (AK-13)  

Amorphous white solid; IR (film) Vmax: 2948.47, 2794.95, 1693.65, 1622.83, 1471.76, 

1437.32, 1387.23, 1190.85, 1083.89, 740.72 cm-1; 1H NMR (500 MHz, DMSO) δ: 

10.18 (1H, s, H-1), 2.23 (3H, q, J = 12.0, 9.5 Hz, H-3, H-15 and H-21a), 3.11 (1H, t, J 

= 8.0 Hz, H-5a), 2.34 (1H, q, J = 10.0 Hz, H-5b), 2.11 (1H, q, J = 5.5 Hz, H-6a), 1.85 

(1H, q, J = 5.5 Hz, H-6b), 7.27 (1H, d, J = 7.0 Hz, H-9), 6.97 (1H, t, J = 7.5, 1.0 Hz, 

H-10), 7.15 (1H, t, J = 7.5, 1.0 Hz, H-11), 6.77 (1H, d, J = 8.0 Hz, H-12), 1.39 (1H, d, 

J = 11.5, 3.0 Hz, H-14a), 1.23 (1H, q, J = 12.0 Hz, H-14b), 7.47 (1H, s, H-17), 4.31 

(1H, m, J = 6.5 Hz, H-19), 1.55 (1H, d, J = 9.5, 4.5 Hz, H-20), 3.21 (1H, d, J = 10.5, 

1.0 Hz, H-21b), 3.52 (3H, s, H-3’ (-OMe)), 1.23 (3H, d, J = 6.0  Hz, -Me); 13C NMR 

(125 MHz, DMSO) δ: 179.9 (C-2), 73.6 (C-3), 54.3 (C-5), 34.0 (C-6), 55.3 (C-7), 

133.6 (C-8), 123.1 (C-9), 121.7 (C-10), 127.7 (C-11), 108.9 (C-12), 141.8 (C-13), 

29.4 (C-14), 30.3 (C-15), 109.3 (C-16), 154.6 (C-17), 72.0 (C-19), 37.0 (C-20), 52.6 

(C-21), 166.6 (C-1’), 50.8 (C-3’ (-OMe)), 18.3 (-CH3); HRTOFESIMS m/z 369.1806 

[M+H]+ (Calcd for C21H24N2O4, 369.1814).  

 

• Speciophylline (AK-14 )  

Pale orange powder; IR (film) Vmax: 3629.29, 3242.25, 2977.26, 2886.84, 1723.27, 

1700.05, 1621.12, 1487.69, 1473.07, 1440.78, 1386.03, 1293.11, 1171.65, 1100.11, 

1042.53, 920.27, 753.76, 603.93 cm-1; 1H NMR (500 MHz, CD3OD) δ: 2.44 (1H, d, J 

= 11.5, H-3), 3.12 (1H, t, J = 1.0 Hz, H-5a), 2.53 (1H, q, J = 9.0 Hz, H-5b), 2.04 (2H, 

q, J = 9.5 Hz, H-6), 7.29 (1H, d, J = 7.0 Hz, H-9), 7.05 (1H, t, J = 7.0 Hz, H-10), 7.20 

(1H, t, J = 8.0, H-11), 6.87 (1H, d, J = 7.0 Hz, H-12), 2.24 (1H, d, J = 11.5 Hz, H-

14a), 0.96 (1H, q, J = 4.0 Hz, H-14b), 1.21 (1H, t, J = 5.0 Hz,  H-15), 7.44 (1H, s, H-

17), 4.43 (1H, m, H-19), 1.91 (1H, s, J = 6.5 Hz, H-20), 1.92 (1H, s, H-21a), 3.11 

(1H, s, J = 4.5 Hz, H-21b), 3.55 (3H, s, H-3’ (-OMe)), 1.11 (3H, d, J = 5.5 Hz, -Me); 

13C NMR (125 MHz, CD3OD) δ: 179.5 (C-2), 75.5 (C-3), 55.0 (C-5), 35.5 (C-6), 57.2 

(C-7), 134.6 (C-8), 124.2 (C-9), 123.7 (C-10), 129.3 (C-11), 110.6 (C-12), 144.5 (C-
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13), 29.8 (C-14), 31.6 (C-15), 108.2 (C-16), 155.7 (C-17), 75.4 (C-19), 42.0 (C-20), 

55.0 (C-21), 166.1 (C-1’), 51.4 (C-3’ (-OMe)), 15.1(-CH3); ESI-MS m/z 369.3 [M+H]+ 

(Calcd for C21H24N2O4, 368.1736).  

 

• 7-Hydroxy-2-(4-hydroxyphenyl)-5-methoxy-4H-chromen-4-one (AK-15)  

Yellow solid; λmax (log ε) 264 (4.29), 330 (4.34) nm; IR (film) Vmax: 3254.4, 2937.93, 

1707.11, 1610.79, 1510.57, 1451.77, 1368.94, 1254.57, 1021.36, 992.02, 823.84 

cm-1; 1H NMR (500 MHz, CD3OD) and 13C NMR (125 MHz, CD3OD): see Table 3.13; 

HRTOFESIMS m/z 283.0616 [M-H]- (Calcd for C16H12O5, 283.0606).  

 

• 9-oxo-9-((3-phenylpropyl)amino)nonanoic acid (AK-16)  

Brown solid; λmax (log ε) 206 (4.21), 267 (2.98) nm; IR (film) Vmax: 3348.28, 2928.79, 

2831.60, 1706.68, 1423.40, 1362.44, 1228.20, 1024.08, 697.89 cm-1; 1H NMR (500 

MHz, CD3OD) and 13C NMR (125 MHz, CD3OD): see Table 3.14; HRTOFESIMS m/z 

261.1856 [(M-H)-CO2H]- (Calcd for C18H27NO3, 305.1991).  

• 11-oxo-11-((3-phenylpropyl)amino)undecanoic acid (AK-17) 

Olive green liquid; λmax (log ε) 204 (4.22), 194 (3.21) nm; IR (film) Vmax: 3365.70, 

2924.43, 2853.62, 1708.64, 1454.02, 1216.63, 1024.43, 930.88, 749.38, 697.74 cm-

1; 1H NMR (500 MHz, DMSO) and 13C NMR (125 MHz, DMSO): see Table 3.15; 

HRTOFESIMS m/z 287.2051 [(M-H)-CO2H]- (Calcd for C20H31NO3, 333.4720). 

 

• 8-(4-hydroxy-3-methoxyphenyl)-3-methoxy-6,7-dimethyl-5,6,7,8-

tetrahydronaphthalen-2-ol (AK-18)  

Pale yellow granules; λmax (log ε) 240 (2.80), 285 (3.80) nm; IR (film) Vmax: 3392.14, 

2957.26, 2927.68, 2891.10, 2844.26, 1708.61, 1612.08, 1507.80, 1444.67, 1364.75, 

1253.38,1106.34, 1027.12, 866.37, 799.05, 770.31, 622.91cm-1; 1H NMR (500 MHz, 

DMSO) and 13C NMR (125 MHz, DMSO): see Table 3.16; ESI-MS m/z 327.1 [M-H]- 

(Calcd for C20H24O5, 328.1675). 
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3.3 Biological evaluation  

3.3.1 Antibacterial activity 

The antibacterial activity of the crude extracts, isolated natural products and purchased 

natural products were assessed by the broth microdilution method as described by Andrews 

(2001), against E. coli NCTC 10418 and S. aureus strains. The observed activities are 

summarized in the Tables 3.17, 3.18 and 3.19. The structures of the purchased natural 

products are shown in Figures 3.73 and 3.74. 

3.3.1.1 Crude extract 

From Table 3.17, the hexane extracts showed the most potent antibacterial activity, 

demonstrated by the low MIC values, followed by the chloroform extracts. The methanol and 

alkaloidal extracts exhibited little or no activity within the assessed range of 1 to 512 μg/mL. 

From the hexane extracts screened, M. lowiana (AK-17) was the most potent antibacterial 

agent with MIC values of 32, 64 and 32 μg/mL against S. aureus ATCC 25923, SA-1199B 

and XU212, respectively. This extract was obtained as almost pure compound, an 11-oxo-

11-((3-phenylpropyl)amino) attached to an undecanoic acid (Figure 3.69) and the observed  

 

Figure 3.69 Amphipathic nature of M. lowiana hexane extract compound (AK-17)  
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Table 3.17 The MIC values of the crude extract against S. aureus strains 

Extracts MIC (μg/mL) for sample against indicated strain 

ATCC 25923 XU212 SA-1199B RN4220 

S. alba 
chloroform > 512 > 512 > 512 > 512 

methanol > 512 > 512 > 512 > 512 

A. rusticana 

hexane 128 128 64 n.t 

chloroform 256 512 512 n.t 

methanol > 512 > 512 > 512 n.t 

B. oleracea 

hexane 128 256 128 n.t 

chloroform 512 > 512 64 n.t 

methanol 512 256 128 n.t 

L. sativum 

Petroleum 
ether 

> 512 > 512 > 512 512 

methanol > 512 > 512 > 512 512 

alkaloidal 512 512 > 512 > 512 

Z. officinale 

hexane > 512 > 512 > 512 > 512 

chloroform > 512 > 512 > 512 > 512 

methanol > 512 > 512 > 512 > 512 

M. lowiana 

Hexane (AK-
17) 

32 64 32 n.t 

chloroform 64 64 64 n.t 

methanol > 512 > 512 > 512 n.t 

B. officinalis 

hexane 128 128 128 128 

chloroform 256 256 256 256 

methanol > 512 > 512 > 512 > 512 

U. 
tomentosa 

hexane n.t 128 128 128 

chloroform n.t 512 > 512 256 

methanol n.t 256 128 128 

alkaloidal n.t 512 512 256 

Positive 
control 

 

Tetracycline  128   

Norfloxacin 2  32  

Erythromycin    128 

n.t - not tested 

antibacterial activity may be due to its fatty acid chain. As research findings have shown a 

direct correlation between fatty acid chains of amide compounds and antibacterial activity 
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(Kabara et al., 1972a). 

Fatty acids have long been known for their antibacterial activity against important pathogenic 

microorganisms, including S. aureus (Mundt et al., 2003; Wille and Kydonieus, 2003; Zhang 

et al., 2012), Streptococcus pyogenes (Kabara et al., 1972b; Choi et al., 2013), Helicobacter 

pylori (Sun et al., 2003), Chlamydia trachomatis (Bergsson et al., 1998) and Neisseria 

gonorrhoeae (Bergsson et al., 1999). However, their exact antibacterial mode of action is still 

not well understood. It has been suggested that their activity is through cellular membrane 

interaction via solubulisation, which is possible because of their amphipathic structure 

(hydrophilic and hydrophobic ends) (Galbraith and Milter, 1973; Shin et al., 2007; Desbois 

and Smith, 2010). Other research suggests that their mechanism of action is through the 

inhibition of bacterial cellular energy production (Greenway and Dyke, 1979; Peters and 

Chin, 2003; Boyaval et al., 1995), inhibition of bacterial enzyme activity (Zheng et al., 2005; 

Won et al., 2007; Hamel, 2009; Sado-Kamdem et al., 2009), impairment of bacterial nutrient 

uptake (Galbraith and Milter, 1973; Shibasaki and Kato, 2010), generation of toxic 

peroxidation or auto-oxidation products (Knapp and Melly, 1986; Hazell and Graham, 1990; 

Adolph et al., 2004; Schonfeld and Wojtczak, 2008) or through the induction of bacterial cell 

lysis (Chamberlain et al., 1991; Shin et al., 2007). It is therefore plausible that this compound 

may have achieved antibacterial activity through any of these mechanisms. 

 

3.3.1.2 Isolated natural products 

The isolated natural products showed a range of antibacterial activity against the test strains. 

The observed MIC values are outlined in Table 3.18. AK-16, another amide, was the most 

active against the S. aureus strains, followed by the phenylpropanoid derivatives (AK-8 and 

AK-9). The other isolated natural products, the glucosinolates, alkaloids, flavones and 

aryltetralin lignan had little or no activity against the test strains.  
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Table 3.18 The MIC values of the isolated compounds against S. aureus and E. coli  

Compounds MIC (μg/mL) for sample against indicated 
strain 

Type of natural 
product 

Identification ATCC 
25923 

XU212 SA-1199B E.coli 
NCTC 
10418 

Glucosinolates 
AK-1 > 512 > 512 > 512 > 512 

AK-2 512 > 512 > 512 > 512 

AK-3 512 > 512 > 512 > 512 

Dimeric imidazole 
alkaloids 

AK-4  512 > 512 > 512 > 512 

AK-6  512 > 512 > 512 > 512 

AK-5  512 > 512 > 512 > 512 

AK-7   512 > 512 > 512 > 512 

Phenylpropanoid 
derivatives 

AK-8 128 > 512 128 > 512 

AK-9 128 > 512 128 > 512 

Flavone AK-10   > 64 > 64 > 64 > 64 

Oxindole 
alkaloids 

AK-11  512 > 512 > 512 > 512 

AK-12  512 > 512 > 512 > 512 

AK-13   512 > 512 > 512 > 512 

AK-14  n.t n.t n.t > 64 

Flavone AK-15 n.t n.t n.t > 64 

Amide AK-16 32 64 32 > 512 

Aryltetralin lignan AK-18 512 512 512  > 512 

Positive control 
 

Tetracycline  128   

Norfloxacin   32  

Ciprofloxacin < 0.0625   < 0.0625 

n.t – not tested 

The glucosinolates (AK-1, AK-2 and AK-3) showed little or no antibacterial activity within the 

concentration range tested. This corresponds well with published literature that intact 

glucosinolate compounds have minimal or no antibacterial activity against pathogenic 

microorganisms, S. aureus, Enterococcus faecalis, E. coli, A. baumanii, Klebsiella 

pneumoniae and Proteus mirabilis (Shofran et al., 1998; Ares et al., 2014). These 

compounds are also known to be relatively non-reactive (Fahey et al., 2001), this could 

probably explain their inactivity. 
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The alkaloids, both the imidazoles (AK-4, AK-5, AK-6 and AK-7) and the oxindoles (AK-11, 

AK-12, AK-13 and AK-14) showed little or no antibacterial activity within the concentration 

range tested. The inactivity of the isolated imidazoles corresponds well with published 

literature that imidazole-derived alkaloids have no antibacterial activity against S. aureus and 

P. aeruginosa (Rudolph et al., 2013). Although the isolated imidazoles did not exhibit 

appreciable antibacterial activity, some synthesized 5-(nitro/bromo)-2-styryl benzimidazoles 

have shown good activity against S. aureus, E. coli, K. pneumoniae, E. faecalis, C. albicans 

and Aspergillus fumigatus with MIC values ranging from 1 to 62.5 μg/mL (Shingalapur et al., 

2009).  

Extensive research on U. tomentosa has shown that its metabolites especially the oxindole 

alkaloids have cytotoxic (Muhammad et al., 2001), anti-inflammatory (Aquino et al., 1991; 

Rizzi et al., 1993; Lemaire et al., 1999), immunostimulant (Keplinger et al., 1999) and CNS-

related activities (Kang et al., 2002). Garcia and colleagues reported the moderately poor 

inhibitory activity of isopteropodine against S. aureus (150 μg/mL) and Bacillus subtilis (250 

μg/mL) (Garcıa et al., 2014). This is contrary to what was observed in this study for the 

isolated oxindole alkaloids, which are stereoisomers of isopteropdine. The isolated oxindole 

alkaloids inhibited S. aureus ATCC 25923 at a slightly higher MIC value, 512 μg/mL but were 

inactive against the other strains. The difference in antibacterial activity of these oxindole 

alkaloids is not unusual, as stereoisomers sometimes do exhibit different biological activity 

(Hutt and O'Grady, 1996).  

The gingerols (AK-8 and AK-9) showed moderate activity against S. aureus ATCC 25923 

and 1199B at 128 μg/mL but they were inactive against XU212 and E. coli NCTC 10418. 

This difference in antibacterial activity may be related to structural features of the gingerols, 

characteristics that may reduce or increase recognition and transport out of the cell. 

Although the gingerols were active against SA-1199B, their activity was less significant 

compared to norfloxacin (MIC = 32 μg/mL), a known NorA pump substrate (Kaatz et al., 

1993). A structure-activity relationship study on quinolones showed that the presence of 
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bulky substituent at C-7, and a bulky and hydrophobic substituent at C-8 of the quinolone 

molecule decreased their activity against efflux-mediated resistant mutants of S. aureus 

(Takenouchi et al., 1996). This may explain the high MIC values of the gingerols, as they 

have a bulky hydrophobic side chain (5-hydroxy-alkan-3-one), (Figure 3.70).  

Other gingerol compounds, 10-gingerol and 12-gingerol have also shown good inhibitory 

activity against oral pathogens, Porphyromonas gingivalis, Porphyromonas endodotalis and 

Prevotella intermedia with MIC values ranging from 6 to 30 μg/mL (Park et al., 2008). There 

have also been reports of gingerols showing good activity against Helicobacter pylori 

(Mahady et al., 2003; Zhang et al., 2013), Mycobacterium avium and Mycobacterium 

tuberculosis (Hiserodt et al., 1998). 

 

Figure 3.70 Structure of quinolone molecule and the isolated gingerols 
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The flavones (AK-10 and AK-15) did not show antibacterial activity within the concentration 

range tested (MIC value: > 64 μg/mL) even though they belong to the flavone class of 

metabolites, which are well known for their broadly antibacterial activity (Gibbons, 2004). 

Their inactivity may be due to the lack of lipophilic groups in the chemical structure. As 

research findings have shown that flavonoids possessing lipophilic groups such as prenyl or 

geranyl groups display better antibacterial activity (Barron and Ibrahim, 1996; Avila et al., 

2008). Structure-activity relationship studies on flavones have also shown that antibacterial 

activity is improved by the presence of certain substituent groups on the core molecule 

(Figure 3.71, structure of a flavone). The presences of an O-acyl (Babu et al., 2005) or O-

alkylamino chain (Babu et al., 2006) on the ring A at position 7 or the presence of a lipophilic 

group at position 6 or 8 (Tsuchiya et al., 1996; Šmejkal et al., 2008) or a hydroxyl group at  

 

Figure 3.71 The core structure of a flavone with the substituent groups for the isolated 
flavones (AK-10 and AK-15) indicated beneath 

position 5 (Šmejkal et al., 2008) has been shown to improve antibacterial activity. Although 

AK-10 has a hydroxyl group at position 5 (Figure 3.71) there was no observed activity. 

Probably the methoxyl group on the ring B position 4’ may have contributed to the lack of 

activity, as research findings from Alcaraz et al. and Šmejkal et al. have shown that methoxyl 
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group on ring B decreases antibacterial activity (Alcaraz et al., 2000; Šmejkal et al., 2008).  

AK-16 exhibited good antibacterial activity against the Gram-positive bacteria but not the 

Gram-negative bacteria. Its activity was comparable to that of M. lowiana hexane extract 

(AK-17). This was expected as they belong to the same class of compounds, amides. They 

only varied in the length of the methylene chain but this did not have any obvious effect on 

their antibacterial activity.  

AK-18 (guaiacin) showed little activity against the S. aureus strains with an MIC value of 512 

μg/mL but was inactive against E. coli within the concentration range tested. This compound 

belongs to the lignan class of metabolites, which are well known for their enormous structural 

diversity and broad biological activities (MacRae and Towers, 1984; Saleem et al., 2005). 

Some lignans are known to have anticancer (particularly true of the podophyllotoxin group of 

lignans), anti-inflamatory, anti-oxidative, immunosuppressive and antimicrobial activities 

(MacRae and Towers, 1984; Saleem et al., 2005). Compounds which are closely related to.  

 

Figure 3.72 Structures showing the resemblance among the compounds, the isolated 
guaiacin, nor-isoguaiacin and dihydroguaiaretic acid (the red rings indicate the structural 
differences in comparison to guaiacin) 
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(MIC = 10 μg/mL) had previously been reported to inhibit the growth of Streptococcus 

species, S. aureus and B. subtilis (Gisvold and Thaker, 1974). Their MIC values were lower 

and better than that of guaiacin, probably because of the minor structural differences (Figure 

3.72, supporting information). This is a good indication that structural modification of this 

compound is likely to improve its antibacterial activity. Almost all of the isolated compounds 

were inactive against E. coli NCTC 1018 and at least one multidrug resistant S. aureus 

strain. This inactivity may be due to the unique outer membrane of E. coli and the active 

expression of efflux pumps of the strains (Nikaido, 1994; Nikaido, 1998).  

3.3.1.3 Isothiocyanates and other selected natural products 

Additional natural products, which were not isolated in this study, were purchased and 

screened for antibacterial activity. Almost all of the compounds purchased were obtained 

from the plants under study in this project with the exception of 4-methoxyphenyl 

isothiocyanate, which is a synthetic product. The compounds were selected based on good 

biological activity observed for an extract or a fraction or similar isolated compound in this 

study. The structures of the screened compounds and their MIC values are shown in Figures 

3.73 to 3.74 and Table 3.19, respectively. All the compounds were purchased from Sigma-

Aldrich. 

 

Figure 3.73 Chemical structures of selected isothiocyanates 

S
C

O

N
S

L-sulforaphaneAllyl isothiocyanate

N
C

S

Benzyl isothiocyanate

N
C

S

Phenylethyl isothiocyanate

N
C

S 4-methoxyphenyl isothiocyanate

O

N
C

S



 

 

 

 

164 

 

Figure 3.74 Chemical structures of the other selected compounds 

 

Table 3.19 The MIC values of the selected isothiocyanates and other compounds against S. 
aureus and E. coli  

Compounds MIC (μg/mL) for sample against indicated strain 

ATCC 25923 XU212 SA-1199B E.coli NCTC 
10418 

Allyl isothiocyanate 512 > 512 512 > 512 

L-sulforaphane 64 32 32 64 

Benzyl isothiocyanate 256 512 256 128 

4-methoxyphenyl 
isothiocyanate 

256 128 128 512 

Phenylethyl isothiocyanate 16 32 32 256 

Sinigrin 512 > 512 > 512 > 512 

Allyl sulfide 512 > 512 > 512 > 512 

Sinapic acid > 512 > 512 > 512 > 512 

6-shogaol 32 32 32 > 512 

Zingerone 512 > 512 > 512 > 512 

Myristic acid 128 16 64 128 

Positive 
control 
 

Tetracycline  128   

Norfloxacin   32  

Ciprofloxacin < 0.0625   < 0.0625 

The isothiocyanate compounds were the most active against the test strains with the 
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exception of allyl isothiocyanate. Myristic acid and 6-shogaol showed relatively good activity 

while the other compounds, sinigrin (Figure 3.15), allyl sulfide, sinapic acid and zingerone 

showed little or no activity against the test strains.  

The isothiocyanates are products that are commonly found in the Brassica vegetables. They 

are hydrolysis product of glucosinolates, which are produced when damaged plant tissue 

releases myrosinase, a glycoprotein that cleaves the β-glucosyl moiety of a glucosinolate. 

This leaves the unstable aglycone, thiohydroxamate-O-sulfonate to rearrange itself to form 

an isothiocyanate or the other breakdown products; nitrile and thiocyanate  (Figure 3.75) 

(Mithen et al., 2000; Fahey et al., 2001). The selected isothiocyanates, L-sulforaphane, allyl, 

benzyl and phenylethyl isothiocyanates are hydrolysis product of glucoraphanin, sinigrin, 

glucotropaeolin and gluconurstatiin, respectively (Aires et al., 2009).  

 

Figure 3.75 Generalised scheme for glucosinolate hydrolysis 

The isothiocyanates exhibited potent but varied antibacterial activity against the test strains. 

In the case of the aliphatic isothiocyanates, L-sulforaphane (SFN) showed good activity 

against both Gram-positive and Gram-negative bacteria with MIC values ranging from 32 to 

64 μg/mL while allyl isothiocyanate (AITC) had little (MIC = 512 μg/mL) or no activity against 

the test strains. The aromatic isothiocyanates, especially, phenylethyl isothiocyanate 

(PEITC) was the most potent with MIC values ranging from 16 to 256 μg/mL against the test 

strains while benzyl isothiocyanate (BITC) and 4-methoxyphenyl isothiocyanate were active 

in the range of 128 to 512 μg/mL.  Previous studies on isothiocyanates reported a 
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higher activity for aromatic isothiocyanates when compare to the aliphatic ones (Kim and 

Lee, 2009; Jang et al., 2010), which was not observed in this study. Wilson and co-workers 

reported good antibacterial activity for PEITC and BITC but did not agree that the aromatic 

isothiocyanates had better antibacterial activity than the aliphatic ones (Wilson et al., 2013). 

As their extensive research work also showed varied antibacterial activity for both the 

aromatic and aliphatic isothiocyanates against Bacillus cereus, B. subtilis, E. faecalis, 

Enterococcus faecium, Lactobacillus plantarum, Lactobacillus monocytogenes, S. aureus, 

Staphylococcus xylosus, K. pneumoniae, E. coli, P. aeruginosa, Salmonella enteritidis, 

Salmonella enterica serovar typhimurium and Serratia marcescens (Wilson et al., 2013). 

They also suggested that structural features such as the sulfinyl group, the molecule size or 

the hydrocarbon chain may be responsible for the antibacterial activity but not necessarily 

the aromatic structure (Wilson et al., 2013). Other research has shown that isothiocyanates 

readily react with thiols, peptides, proteins and enzymes because of their strong electrophilic 

nature (Kolm et al., 1995; Jacob and Anwar, 2008; Cejpek et al., 2000). This would probably 

explain the observed antibacterial activity exhibited by the isothiocyanates. As such 

reactions in vivo result in modification of proteins or enzymes, which can significantly disturb 

the cell biochemical processes and survival (Jacob and Anwar, 2008; Dias et al., 2014). 

Sinigrin (glucosinolate) a precursor of allyl isothiocyanate showed little or no activity against 

the test strains. The inactivity of sinigrin is consistent with published literature (Shofran et al., 

1998). This also supports the observation that intact glucosinolate compounds have no or 

minimal antibacterial activity against pathogenic microorganisms (Shofran et al., 1998; Ares 

et al., 2014).  

Allyl sulfide a product of Allium species and A. rusticana (Bernhard et al., 1964) showed 

minimal activity against S. aureus ATCC 25923 (MIC = 512 μg/mL) and a previous report 

showed good activity; Rattanachaikunsopon and Phumkhachorn reported an MIC value of 64 

± 1.4 μg/mL against S. aureus ATCC 25923 (Rattanachaikunsopon and Phumkhachorn, 

2008). This wide variation in activity against S. aureus ATCC 25923 may be due to the 
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different inoculum size, the methods and the culture media used. The lack of activity against 

the SA-1199B (NorA) and XU212 (TetK) may be due to the active expression of the efflux 

pumps and intrinsic resistance caused by the lipopolysaccharide outer membrane of E. coli.  

Sinapic acid is a product found in most plants including the Brassica vegetables (Nićiforović 

and Abramovič, 2014). It did not show activity against the test strains within the range 

assessed (1- 512 μg/mL) but may be active at higher concentrations. Findings from Tesaki 

and co-workers have shown that sinapic acid exhibits antibacterial activity at higher 

concentrations, E. coli (MIC = 493.3 μg/mL), Salmonella enteritidis (MIC = 448.4 μg/mL) and 

S. aureus (MIC = 403.5 μg/mL) (Tesaki et al., 1998). Engels and colleagues later confirmed 

this; their findings showed that sinapic acid inhibited B. subtilis (MIC = 300 μg/mL), E. coli 

(MIC = 700 μg/mL) and S. aureus (MIC = 300 μg/mL) (Engels et al., 2012).   

Zingerone and 6-shogaol are natural products derived from Z. officinale.  6-shogaol showed 

good inhibitory activity against the S. aureus strains with an MIC value of 32 μg/mL. This 

was not the case for zingerone as it poorly inhibited the activity of S. aureus ATCC 25923 

(MIC = 512 μg/mL). On comparing the antibacterial activity of the phenylpropanoid 

derivatives from ginger, 6-shogaol was the most potent probably because of its structure. 

The presence of a carbon-carbon double bond in the dec-4-en-3-one side chain of shogaol, 

improved its lipophilicity, and hence its membrane permeability. There is the need to 

investigate this hypothesis, though it has already been proven for fatty acids (Kabara et al., 

1972b). Research findings have also shown that there is a direct correlation between 

carbon-carbon double bonds of unsaturated fatty acids and antibacterial efficacy (Feldlaufer 

et al., 1993; Desbois et al., 2008), this could possibly explain the better activity of shogaol.  

From the antibacterial study of the test extracts and compounds, it is evident that the test 

samples were not as active as the antibiotics but with structural modification, the activity of 

promising ones (amides, L-sulforaphane, phenylethyl isothiocyanate, benzyl isothiocyanate, 

shogaol and myristic acid) can be improved.  
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3.3.2 Bacterial plasmid conjugation inhibition 

The isolated and selected natural products were assessed for anti-conjugative activity by the 

plasmid conjugation inhibition assay as described by Rice and Bonomo (2005). The infective 

plasmids pKM101 (IncN), TP11 (IncI2), pUB307 (IncP) and R7K (IncW) were used as 

representatives of a variety of plasmid transfer systems. All test compounds were screened 

at a sub-inhibitory concentration, a quarter of their MIC against E. coli NCTC 10418. 

Samples, which were inactive against E. coli NCTC 10418 were tested at 100 μg/mL, active 

samples were tested at SIC values indicated in the graphs; Figures 3.74-3.77. All samples 

tested at 100 μg/mL have not been indicated in the graphs; Figures 3.74-3.77. The observed 

activities are shown in the Figures 3.74-3.77. The total number of cells used for the plasmid 

assays are as follows: donors [pKM101 (1.1 x 1010 ± 1.4 x 108 cfu/mL), TP114 (3.0 x 1010 ± 

2.8 x 109 cfu/mL), pUB307 (3.1 x 1010 ± 4.9 x 109 cfu/mL) and R7K (3.7 x 1010 ± 1.8 x 109 

cfu/mL)] recipients [ER1793 (1.9 x 1010 ± 5.3 x 109 cfu/mL) and JM109 (3.1 x 1010 ± 5.0 x 108 

cfu/mL)]. 

3.3.2.1 The effect of natural products on the conjugal transfer of plasmid pKM101 

(IncN) 

Twenty-nine natural products were assessed for anti-conjugative activity against IncN 

plasmid pKM101 (Figure 3.77). Out of this number only 3 actively inhibited the conjugal 

transfer of pKM101; these were phenylethyl isothiocyanate (PEITC), benzyl isothiocyanate 

(BITC) and allyl isothiocyanate (AITC) (Figure 3.76).  

 

Figure 3.76 Structures of the compounds, which actively inhibited the conjugal transfer of 
IncN plasmid pKM101 
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PEITC completely prevented the conjugal transfer of pKM101 at a sub-inhibitory 

concentration of 64 μg/mL. A similar anti-conjugal activity was observed for BITC. At a 

concentration of 32 μg/mL, it significantly reduced the conjugal transfer of pKM101 to 0.3 ± 

0.6%. The similar anti-conjugal activity of these compounds may be due to their similar 

structural features (Figure 3.76), an aromatic moiety attached to β-thioglucoside N–

hydroxysulfate. AITC also showed a significantly reduction in the conjugal of pKM101. It 

reduced the conjugal transfer to 6.0 ± 1.0% at a concentration of 100 μg/mL.  

Although PEITC showed good activity, a mixture containing its precursor, gluconasturtiin and 

sinigrin (AK-3) did not show any conjugal inhibition against pKM101. The transfer frequency 

exceeded 120%, which indicated that the mixture probably enhanced conjugation. The lack 

of conjugal inhibition by the gluconasturtiin-sinigrin mixture may be due to antagonism or 

concentration differences, as pure sinigrin showed moderate conjugal inhibition (21.5 ± 6.2% 

at 100 μg/mL).  

Moderate activity was observed for 3-butenyl glucosinolate (AK-1), 4-hydroxylbenzyl 

glucosinolate (AK-2), 6-gingerol (AK-9), lepidine E (AK-7) and 2-(3-(2-((1H-imidazol-2- 

yl)methyl)-6-methoxyphenoxy)benzyl)-1H-imidazole (AK-4). Their conjugal frequencies 

ranged from 18.0 ± 2.0% to 31.0 ± 7.0%.  

The other compounds including linoleic acid and novobiocin (Figure 3.78) exhibited poor or 

no inhibitory activity; their conjugation frequencies were greater than 50%. The inactivity of 

linoleic acid against the conjugal transfer of pKM101 is consistent with published literature, 

as it has been shown to be inactive against the IncN plasmid pKM101 (Fernandez-Lopez et 

al., 2005). 

 



 

 

 

 

170 

 
Each bar represents the mean transfer frequency ± SD of at least three independent experiments (*p < 0.05). 
Transfer frequency is expressed as a percentage relative to the control, which is without the test sample (100%). 

Figure 3.77 The influence of the natural products on the conjugal transfer of IncN plasmid 
pKM101 
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Figure 3.78 Structures of linoleic acid and novobiocin 

Novobiocin on the other hand, had previously been reported to have shown moderate anti-

conjugative activity against pKM101 at a concentration of 10 μg/mL (Maree et al., 2014) but 

this was not observed in this study. Probably its activity is plasmid specific as a reduction in 

conjugal transfer was observed for plasmids TP114 and pUB307 (Figures 3.81 and 3.82).  

The observed activity of novobiocin against the plasmids TP114 and pUB307 may be due to 

its known inhibitory activity against the DNA gyrase B subunit (Maxwell, 1993; Maxwell, 

1999; Hooper et al., 1984). Hooper and colleagues established the importance of a 

functioning DNA gyrase B subunit in bacterial conjugation (Hooper et al., 1989). They 

demonstrated this effect using coumermycin (Figure 3.79) a known DNA gyrase B subunit 

inhibitor against the transfer of plasmid R64drd-11 (IncI1), which resulted in reduced plasmid 

conjugation (Hooper et al., 1989).  

 

Figure 3.79 Structure of coumermycin 
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not true plasmid conjugal inhibitors (non-specific) as they do not target a conjugation-specific 

protein (Fernandez-Lopez et al., 2005). They rather inhibit DNA gyrase, a general factor in 

DNA metabolism (Fernandez-Lopez et al., 2005).   

The challenge with any bacterial plasmid conjugation assay at present is that there are few 

known potent conjugal inhibitors, which are dehydrocrepenynic acid, linoleic acid, oleic acid 

(Fernandez-Lopez et al., 2005), 2-hexadecynoic acid, 2-octadecynoic acid (Getino et al., 

2015) and, tanzawaic acid A and B (Getino et al., 2016).  In addition, these known conjugal 

inhibitors are plasmid incompatibility group-specific, which limits their use. So far there is no 

known true conjugal inhibitor (specific) for the plasmid incompatibility group N (IncN), P 

(IncP), and I2 (IncI2) hence the use of only a negative control for anti-conjugation screening. 

For IncW R7K plasmid, linoleic acid was used as the positive control. This is one plasmid 

incompatibility group (IncW), which is actively inhibited by all the known anti-conjugative 

agents. 

  

3.3.2.2 The effect of natural products on the conjugal transfer of plasmid TP114 

(IncI2) 

Of the 29 compounds assessed, BITC was the only compound, which actively inhibit the 

conjugal transfer of TP114 (Figure 3.81). At a concentration of 32 μg/mL, BITC significantly 

reduced the conjugal transfer frequency of TP114 to 10.00 ± 2.00%. The activity of PEITC 

(64 μg/mL) and AITC (100 μg/mL) were moderate, as they reduced the conjugal transfer of 

TP114 to 22.6 ± 4.0% and 29.0 ± 3.0%, respectively. Their activity was comparable to 

novobiocin (10 μg/mL), which reduced conjugation of TP114 to 26.6 ± 6.0%. Interestingly, 

the sinigrin-gluconasturtiin mixture (AK-3, 100 μg/mL), which was inactive against pKM101, 

showed moderate activity against TP114. It significantly reduced the conjugation of TP114 to 

14.2 ± 1.7%, which was relatively better than novobiocin. The other compounds exhibited a 

varied activity from moderate to poor inhibition of conjugation.  
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3.3.2.3 The effect of natural products on the conjugal transfer of plasmid pUB307 

(IncP) 

4-Methoxyphenyl isothiocyanate and BITC (Figure 3.80) were the only active conjugal 

inhibitors against the conjugal transfer of plasmid pUB307. 4-Methoxyphenyl isothiocyanate 

(100 μg/mL) significantly reduced the conjugal transfer of plasmid pUB307 to 5.2 ± 2.8%. 

BITC (32 μg/mL) inhibited the conjugation of pUB307 to 7.0 ± 1.0%.  

 

Figure 3.80 Structures of the compounds, which actively inhibited the conjugal transfer of 
IncP plasmid pUB307 
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Each bar represents the mean transfer frequency ± SD of at least three independent experiments (*p < 0.05). 
Transfer frequency is expressed as a percentage relative to the control, which is without the test sample (100%). 

Figure 3.81 The influence of the natural products on the conjugal transfer of IncI2 plasmid 
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Each bar represents the mean transfer frequency ± SD of at least three independent experiments (*p < 0.05). 
Transfer frequency is expressed as a percentage relative to the control, which is without the test sample (100%). 

Figure 3.82 The influence of the natural products on the conjugal transfer of IncP plasmid 
pUB307  
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3.3.2.4 The effect of natural products on the conjugal transfer of plasmid R7K 

(IncW) 

None of the assessed compounds including the known moderate IncW plasmid inhibitor 

(linoleic acid) (Fernandez-Lopez et al., 2005) were able to actively reduce the conjugal 

transfer of R7K to less than 10% (Figure 3.83). 11-oxo-11-((3-

phenylpropyl)amino)undecanoic acid (AK-17) and L-sulforaphane (SFN) (Figure 3.84) were 

the only compounds that exhibited appreciable inhibitory activity comparable to the inhibitory  

 
Each bar represents the mean transfer frequency ± SD of at least three independent experiments (*p < 0.05). 
Transfer frequency is expressed as a percentage relative to the control, which is without the test sample (100%). 

Figure 3.83 The influence of the natural products on the conjugal transfer of IncW plasmid 
R7K 
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Figure 3.84 Structures of the compounds, which showed appreciable inhibition against IncW 
plasmid R7K  

activity of linoleic acid (15.7 ± 2.6%). AK-17 and SFN reduced the conjugal transfer 

frequency of R7K to 16.7 ± 2.0% and 19.6 ± 6.3%, respectively. AK-17 shares some 

structural features with linoleic acid, such as a long aliphatic chain and a carboxylic group, 

which has been shown to be essential for anti-conjugative activity (Getino et al., 2015). In 

addition, it has an aromatic ring and this structural feature has been recently reported to 

contribute to the conjugal inhibitory activity of tanzawaic acid against IncW plasmids (Getino 

et al., 2016). Given the structural similarities between AK-17 and the two known IncW 

plasmid conjugation inhibitors, the similar structural features may probably explain for the 

observed anti-conjugative activity of AK-17. For SFN, we hypothesize that its oxygenated 

sulphur (S=O) and isothiocyanate (-N=C=S) moiety may be responsible for the observed 

anti-conjugative activity. As this compound does not have any of the structural features of 

previously reported IncW plasmid inhibitors (Getino et al., 2015).  

Overall, the isothiocyanate and glucosinolate compounds showed promising anti-conjugative 

activity against the test plasmids. BITC (32 μg/mL), PEITC (64 μg/mL) and AITC (100 

μg/mL) showed consistent and significant active to moderate conjugal inhibitory activity 

against all the test plasmids (broad range inhibitory activity). 4-Methoxyphenyl isothiocyanate 

was active against the conjugal transfer of plasmid pUB307 and R7K. It reduced the conjugal 

transfer of pUB307 and R7K to 5.2 ± 2.8 and 31.7± 8.4%, respectively. Although 4-

methoxyphenyl isothiocyanate has a similar chemical structure as BITC and PEITC, it did not 

show inhibitory activity against pKM101 and TP114. This may be due to the presence of a 

methoxyl group and the absence of a methylene unit in its chemical structure (Figure 3.80). 

Hence it may be active at a different target on the conjugation machineries, which 
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may be plasmid incompatibility group specific. This is possible, as the literature has shown 

component variation in the conjugation machineries, the mobilizable (MOB) and mating pair 

formation (Mpf) systems (Alvarez-Martinez and Christie, 2009; Smillie et al., 2010; Getino et 

al., 2015).  

L-Sulforaphane was the only isothiocyanate compound, which showed specificity. It 

moderately inhibited the conjugal transfer of the IncW plasmid R7K to 19.6 ± 6.3% at a 

concentration of 16 μg/mL.  

The glucosinolates (sinigrin, gluconapin (AK-1), and glucosinalbin (AK-3)) showed 

consistent and moderate conjugal inhibitory activity against plasmids pKM101, TP114 and 

pUB307. These results suggested that the isothiocyanates have better anti-conjugative 

activity than their precursors, the glucosinolates.  To our knowledge this is the first report of 

anti-conjugative activity for these glucosinolate and isothiocyanate compounds. However, 

there are other reports of the biological activities for these compounds; such as their cancer 

chemo-protective activity (Wattenberg, 1977; Wattenberg, 1981; Chung et al., 1985; Musk 

and Johnson, 1993; Hecht et al., 1996; Chung et al., 1996), antimicrobial activity (Kim and 

Lee, 2009; Jang et al., 2010; Wilson et al., 2013; Borges et al., 2015), nematocidal activity 

(Lazzeri et al., 1993; Mayton et al., 1996) and their activity as allelochemicals (Brown and 

Morra, 1995; Charron and Sams, 1999; Smith, 2000). 

A general observation with this broth conjugation assay was that the results were generally 

reproducible but the errors in determination of the conjugation frequency were mostly wide (> 

20%). These wide deviations may be due to the fact that conjugal inhibition takes place in an 

extremely narrow range of concentration for some of these compounds. A similar 

observation has been made by Sarah Soares, a PhD student who is working on improving 

this system of screening. She is setting up a luminescence-based high-throughput 

conjugation assay in combination with a secondary assay that would rule out factors such as 

growth inhibition and plasmid loss. 
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3.3.2.5 The influence of concentration on the inhibitory effect of BITC on plasmid 

transfer 

BITC (32 μg/mL), which showed good anti-conjugative activity, was further evaluated at sub-

inhibitory concentrations (0.125 to 64 μg/mL) against the conjugal transfer of plasmids 

pKM101, TP114 and pUB307. The observed activities are shown in Figure 3.85. 

 
The values represent the mean conjugal inhibition frequency (%) ± SD of at least three independent experiments 

Figure 3.85 The effect of varying concentrations of BITC on the conjugal transfer of 
plasmids pKM101 (IncN), TP114 (IncI2) and pUB207 (IncP) 

At a low concentration of 0.125 μg/mL, BITC moderately inhibited the conjugal transfer of all 

test plasmids by > 50%. A gradual increase in conjugation inhibition of plasmids pKM101 

and TP114 was observed with an increase in concentration from 0.125 to 64 μg/mL (Figure 

3.85). For plasmid pUB307, increase in concentration of BITC did not significantly change 

inhibitory activity, as BITC’s conjugal inhibition ranged between 88.5 ± 3.0% and 98.0 ± 2.2% 

for concentrations 0.125 and 64 μg/mL, respectively. The IC50 of BITC was found to be 2.19, 

1.24 and 0.34 μg/mL against pKM101, TP114 and pUB307 respectively. Their p-value was 

obtained to be 0.73, which indicated that the IC50s were not significantly different .The anti-

conjugative activity of BITC was found to be concentration dependent for plasmids pKM101 
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and TP114.  

3.3.2.6 The influence of concentration on the inhibitory effect of 4-methoxyphenyl 

isothiocyanate on plasmid transfer of pUB307 

4-methoxyphenyl isothiocyanate (100 μg/mL), which showed good anti-conjugative activity 

against the conjugal transfer of pUB307, was further evaluated at sub-inhibitory 

concentrations (1 to 128 μg/mL). The observed activities are shown in Figure 3.86. 

 
The values represent the mean conjugal inhibition frequency (%) ± SD of at least three independent experiments 

Figure 3.86 The effect of varying concentrations of 4-methoxyphenyl isothiocyanate on the 
conjugal transfer of IncP plasmid pUB207 

At a concentration of 1 μg/mL, 4-methoxyphenyl isothiocyanate moderately inhibited the 

conjugal transfer of plasmid pUB307 by 78.0 ± 1.5%. This inhibition frequency was steadily 

maintained to concentration 32 μg/mL, after which there was a sharp increase in conjugal 

inhibition of pUB307. Complete conjugal inhibition was observed at a concentration of 128 

μg/mL, this suggests that the anti-conjugative activity of 4-methoxyphenyl isothiocyanate is 

concentration dependent. 
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3.3.2.7 The influence of concentration on the inhibitory effect of AK-17 on plasmid 

transfer of R7K (IncW) 

AK-17 (11-oxo-11-((3-phenylpropyl)amino)undecanoic acid, 100 μg/mL), which showed 

good anti-conjugative activity against the conjugal transfer of R7K, was further evaluated at 

sub-inhibitory concentrations (16 to 256 μg/mL).  

 
The values represent the mean conjugal inhibition frequency (%) ± SD of at least three independent experiments 

Figure 3.87 The effect of varying concentrations of AK-17 on the conjugal transfer of IncW 
plasmid R7K 

AK-17 showed a gradual increase in conjugal inhibition of plasmid R7K with increase in 

concentration from 16 to 256 μg/mL (Figure 3.87). Its anti-conjugative activity was 

comparable to that of linoleic acid, although the activity of the linoleic acid seemed slightly 

better. The IC50 of linoleic acid and AK-17 was found to be 60.5 and 77.8 μg/mL against the 

conjugal transfer of IncW plasmid R7K. Statistically the activity of both compounds were 

found to be the same as their p-value (0.68) indicated that their IC50s were not significantly 

different.  
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3.3.3 Bacterial plasmid elimination studies 

The compounds, which showed potent inhibition (transfer frequency < 20%) against the 

transfer of one or more plasmids, were further assessed for plasmid elimination activity. This 

was to help us determine whether plasmid loss contributed to their anti-conjugative activity. 

The inoculum sizes used for the plasmid elimination assay were pKM101 (1.2 x 1010 ± 1.5 x 

109 cfu/mL), TP114 (1.1 x 1010 ± 3.4 x 109 cfu/mL), pUB307 (1.6 x 1010 ± 5.3 x 109 cfu/mL) 

and R7K (4.7 x 1010 ± 1.4 x 109 cfu/mL). The results of the plasmid elimination assay are 

summarized in Table 3.20. 

Table 3.20 Plasmid elimination activity of selected compounds  

Compound (μg/mL) 

Plasmid elimination (%)a 

pKM101 

(IncN) 

TP114 

(IncI2) 

pUB307 

(IncP) 

R7K 

(IncW) 

AK-1 (100) 0 0 0 0 

AK-2 (100) 0 0 0 n.t 

AK-17 (100) 0 0 0 0 

Allyl isothiocyanate (100) 19.7 ± 6.6 6.6 ± 1.0 0 47.4 ± 7.2 

L-sulforaphane (16) 0 66.0 ± 2.0 56.2 ± 2.9 12.4 ± 2.4 

Sinigrin (100) 0 0 0 n.t 

Benzyl isothiocyanate (32) 0 26.5 ± 8.0 0 0 

4-methoxyphenyl isothiocyanate 

(100) 

0 0 0 6.2 ± 1.2 

Phenylethyl isothiocyanate 

 (64) 

0 78.0 ± 8.0 64.8 ± 15.4 3.0 ± 0.6 

Control: Promethazine (16)  68.6 ± 15.0 37.2 ± 5.0 91.2 ± 6.7 8.3 ± 2.1 

a The results are expressed as the number of colonies cured/number of colonies examined (percent 
eliminated) at one-quarter of their MICs. The results represent the mean ± SD of at least three 
independent experiments. n.t – not tested.   
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The glucosinolates (AK-1, AK-2 and sinigrin) and the amide (AK-17) did not show plasmid 

eliminating activity against the test plasmids. The aliphatic isothiocyanates (AITC and SFN) 

on the other hand showed broad range of anti-plasmid activity. They were active against at 

least three of the test plasmids with SFN (16 μg/mL) exhibiting the most efficient elimination 

(> 50% elimination) against plasmids TP114 and pUB304 (Table 3.20). The aromatic 

isothiocyanates showed varied plasmid eliminating activity. BITC (32 μg/mL) showed 

moderate anti-plasmid activity against plasmid TP114 only, with a plasmid elimination of 26.5 

± 8.0% while 4-methoxyphenyl isothiocyanate (100 μg/mL) was active against plasmid R7K 

only, with a marginal plasmid elimination of 6.2 ± 1.2%. PEITC on the other hand showed 

plasmid elimination activity against TP114, pUB307 and R7K. At a concentration of 64 

μg/mL, PEITC caused a 78.0 ± 8.0% and 64.6 ± 15.4% plasmid elimination of pUB307 and 

TP114, respectively. This was the highest anti-plasmid activity observed for the test 

compounds. PEITC’s anti-plasmid activity against TP114 was also relatively higher than that 

of promethazine (16 μg/mL), a known anti-plasmid agent (Splenger et al., 2006; Schelz et 

al., 2006). The varied anti-plasmid activity of the isothiocyanates may be due to the different 

molecular mechanism of action exhibited by the isothiocyanates. From the results, it is 

plausible that compounds that exhibited moderate to high anti-plasmid activity (≥ 20% 

plasmid loss) against the test plasmids may have contributed to the observed reduction in 

conjugation of these plasmids, especially for PEITC and AITC (Figures 3.77, 3.81, 3.82 and 

3.84). It is also worth noting that some of the test compounds such as SFN, showed 

moderate plasmid elimination of TP114 (66.0 ± 2.0% plasmid loss) and pUB307 (56.5 ± 

2.9% plasmid loss) but this did not result in significant reduction in bacterial plasmid 

conjugation. SFN had no inhibitory effect on the bacterial plasmid conjugation of both 

plasmids; the conjugation transfer frequency was 101.3 ± 3.00% and 111.0 ± 8.0% for 

TP114 and pUB307, respectively (Figures 3.81 - 3.82). These findings suggested that 

plasmid elimination may contribute to reduction in conjugation for some compounds but may 

not necessarily be solely responsible for their anti-conjugative activity. 
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3.3.4 Antibiotic potentiation activity  

Some of the compounds were further assessed for antibiotic potentiation activity by the broth 

microdilution method described by Smith et al (2005). The compounds were assessed at 

sub-inhibitory concentrations in combination with the relevant antibiotic against S. aureus 

strains over expressing MDR efflux pumps (SA-1199B which over-expresses the NorA pump 

and XU212 which over-expresses the TetK pump). The observed activities are summarized 

in the Table 3.21.  

Table 3.21 Antibiotic potentiation activity of selected compounds 

Test samples (μg/mL) 

MIC (μg/mL) for sample with indicated antibiotic for 
strain (fold reduction) 

SA-1199B (NorA) 
Norfloxacin at 32 μg/mL 

XU212 (TetK) 
Tetracycline at 128 μg/mL 

AK-1 (128) > 32 (0) > 128 (0) 

AK-8 (32) 8 (4) 32 (4) 

AK-12 (128) 16 (2) 128 (0) 

AK-17 (16) 8(4) 64 (2) 

AK-18 (128) 16 (2) 128 (0) 

Shogaol (8) 8 (4) 64 (2) 

Zingerone (128) 16 (2) 64 (2) 

Allyl isothiocyanate (100) 16 (2) 64 (2) 

Benzyl isothiocyanate (32) < 0.0625 (> 512) 0.25 (512) 

Reserpine (20) 8 (4) 64 (2) 

BITC was the most active compound in the antibiotic potentiation assay (Table 3.21). At a 

concentration of 32 μg/mL, it reduced the MIC of norfloxacin from 32 to less than 0.0625 

μg/mL against SA-1199B and the MIC of tetracycline from 128 to 0.25 μg/mL against 

XU212. Its antibiotic potentiation activity was better than reserpine (20 μg/mL), a known 

multidrug efflux pump inhibitor (Markham and Neyfakh, 1996; Gibbons and Udo, 2000). AK-
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8 (32 μg/mL) exhibited a slightly better activity in comparison to reserpine. It caused a four-

fold reduction in the MIC of tetracycline against XU212 but its activity against SA-1199B was 

same as reserpine’s activity. AK-17 (16 μg/mL) and shogaol (8 μg/mL) displayed a similar 

antibiotic potentiation activity to the control reserpine against the effluxing strains. They 

caused a four-fold reduction in the MIC of norfloxacin against SA-1199B and a two-fold 

reduction in the MIC of tetracycline against XU212. Zingerone and AITC displayed similar 

activities, a two-fold reduction in MICs of norfloxacin and tetracycline against the test strains. 

AK-1 was the only compound, which did not show antibiotic activity potentiation against any 

of the test strains. It rather caused an increase in the MIC values.  This increase in MIC 

value may be indicative of some interaction between AK-1 and the antibiotics, possibly 

causing pronounced extrusion of the antibiotics. The other test compounds showed either a 

two-fold reduction or maintained the MIC of the antibiotics against the test strains.   

The exact mechanism of antibiotic potentiation activity for these compounds against the 

MDR effluxing strains has not been identified. However, literature reports have shown that 

such compounds may achieve activity through; direct blockage of the efflux pumps thereby 

decreasing antibiotic extrusion (Poole, 2007; Shukla et al., 2007), formation of substrate 

complexes that allows entry in to the cell and/or prevent extrusion from the cell (Zloh et al., 

2004), competitive or noncompetitive binding such that there is reduced extrusion of 

antibiotics (Ohene-Agyei et al., 2014) or disruption of the efflux pump’s energy source 

(Schindler, 2013). Any one or a combination of these suggested mechanisms might have 

contributed to the observed antibiotic potentiation activities of the test compounds. 

3.3.5 Antifungal activity studies 

The alkaloidal extract of L. sativum and a few of the compounds were assessed for 

antifungal activity by the broth microdilution method according to the guidelines of EUCAST 

(Rodríguez-Tudela et al., 2003), against C. albicans ATCC 66027 and C. tropicalis ATCC 

750. The observed activities are summarized in the Tables 3.22.  
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Table 3.22 Antifungal activity of selected compounds 

Test sample 
MIC  (μg/mL) 

C. albicans ATCC 66027 C. tropicalis ATCC 750 

L. sativum alkaloidal extract > 512 > 512 
AK-17 512 32 
AK-18 > 512 512 

Control 
Itraconazole 0.125 0.125 
Amphotericin B 0.25 0.25 

AK-17 was the only test compound that showed antifungal activity, demonstrated by the low 

MIC value (32 μg/mL) against C. tropicalis ATCC 750. It had no antifungal activity against C. 

albicans ATCC 66027 like the other test compounds. The antifungal activity of AK-17 against 

C. tropicalis ATCC 750 was lower compared to the control antifungals, itraconazole (0.125 

μg/mL) and amphotericin B (0.25 μg/mL). One would expect that the L. sativum alkaloidal 

extract, from which the dimeric imidazoles were isolated, would have antifungal activity as 

azoles are well known for antifungal activity (Majoros and Kardos, 2008). However, this was 

not observed for the L. sativum alkaloidal extract, as their MICs against the test strains were 

greater than 512 μg/mL. The dimeric imidazoles isolates were not tested because of lack of 

sufficient quantities. 

3.3.6 Cytotoxicity studies of benzyl isothiocyanate and allyl isothiocyanate 

The toxicity levels of two of the identified anti-conjugative agents (BITC and AITC) were 

assessed against human dermal fibroblast, adult (HDFa; C-013-5C) cells. The 

Sulforhodamine B assay as previously described by Skehan et al. (1990) was used for the 

screening. The observed activities are shown in the Figure 3.88. 

 The IC50 of BITC and AITC against the HDFa cells were 30.3 μg/mL (203 μM) and 63.9 

μg/mL (645 μM), respectively. A comparison of the cytotoxic value of BITC with its anti-

conjugative concentration against the test plasmids revealed that its cytotoxic-IC50 level was 

above the concentration needed to cause 50% reduction in plasmid conjugal transfer (Figure 
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3.85; pKM101 (IC50 = 14.7 μM), TP114 (IC50 = 8.3 μM) and pUB307 (IC50 = 2.3 μM)). These 

data suggest that BITC showed anti-conjugative activity at non-toxic  

 
The values represent the mean cell viability (%) ± SD of at least three independent experiments 

Figure 3.88 Cytotoxicity study using HDFa cells 

concentrations. The same cannot be said about AITC as its cytotoxic-IC50 was below the 100 

μg/mL, needed to cause about 69.0±6.0% to 94.0±1.0% reduction in conjugal transfer of the 

test plasmids (Figures 3.77 and 3.81-3.83). Although a dose response study was not 

conducted on AITC because it showed moderate anti-conjugative activity, the obtained data 

shows that its cytotoxic-IC50 is likely to be closer to the concentration needed to cause 50% 

reduction in plasmid transfer. 

A comparison of the cytotoxic-IC50 of BITC (203 μM) with previously identified conjugal 

inhibitors showed some variations. BITC was less toxic than tanzawaic acid A (IC50 = 190 

μM), tanzawaic acid B (IC50 = 180 μM), 2-hexadecynoic acid (IC50 = 100 μM) and 2-

octadecynoic acid (IC50 = 90 μM) against the human foreskin fibroblasts ATCC (SCRC-1041) 

but was more toxic than oleic acid (IC50 = 350 μM) and linoleic acids (IC50 = 300 μM) (Getino 

et al., 2016). Although they all exhibited some level of toxicity against the human cell lines, at 

their anti-conjugative IC50 they were non-toxic.  
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Chapter 4  Conclusions  

4.1 Conclusions and future work 

In this era where antimicrobial resistance is increasing and the world is running out of 

effective antimicrobials, identifying a potent compound, which inhibits the mechanism of 

dissemination of MDR genes and/ or a resistance mechanism, would be a better alternative 

to targeting bacterial growth processes. This alternative approach is necessary as the 

existing antibiotics, which target bacterial growth processes are unable to effectively inhibit 

the multidrug-resistant bacteria (Smith and Romesberg, 2007). Conjugation, a mechanism 

for the transfer MDR genes and multidrug-efflux pumps, proteinaceous transporters whose 

substance extrusion function confers multidrug-resistance in bacteria were targeted in this 

study.  

Extracts of different polarity from eight selected medicinal plants (Sinapis alba, Amoracia 

rusticana, Brassica oleracea, Lepidium sativum, Zingiber officinale, Myristica Iowiana, 

Borago officinalis and Uncaria tomentosa) were screened against Escherichia coli 

conjugation pairs and Staphylococcus aureus strains expressing distinct efflux-related 

multidrug-resistance pumps for anti-conjugal and antibiotic potentiation activity, respectively. 

Of these, only extracts from S. alba, L. sativum, Z. officinale, M. Iowiana and B. officinalis 

showed promising anti-conjugal activity by reducing bacterial plasmid conjugation to less 

than 15% (Table 3.1). Further phytochemical work on the extracts led to the isolation of 19 

compounds (Section 3.2.8.5), of which three were novel compounds, 2-(3-(3-((1H-imidazol-

2-yl)methyl)-5methoxyphenoxy)benzyl)-1H-imidazole (AK-6), 9-oxo-9-((3-phenylpropyl) 

amino)nonanoic acid (AK-16) and 11-oxo-11-((3-phenylpropyl)amino)undecanoic acid (AK-

17).     

Biological evaluation of the isolated compounds and selected natural products led to the 

identification of 6 potent anti-conjugals; these were benzyl isothiocyanate (BITC), 
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phenylethyl isothiocyanate (PEITC), 4-methoxylphenyl isothiocyanate, allyl isothiocyanate, 

11-oxo-11-((3-phenylpropyl)amino)undecanoic acid (AK-17) and sulforaphane.  Of these, 

BITC and AK-17 were the most potent. BITC, an aromatic isothiocyanate from the Brassica 

vegetables showed a significantly broad-range anti-conjugal activity against all the tested 

plasmids. At a sub-inhibitory concentration of 32 μg/mL, it reduced the conjugal transfer of 

pKM101 (IncN), TP114 (IncI2), pUB307 (IncP) and R7K (IncW) to 0.3 ± 0.6%, 10.0 ± 2.0%, 

7.0 ± 1.0% and 21.0 ± 1.0%, respectively. It also exhibited moderate plasmid eliminating 

activity against plasmid TP114 only. Findings from this study suggest that the molecular 

structure such as that of BITC and PEITC (an aromatic ring linked to an isothiocyanate 

moiety by a methylene) promoted broad-range anti-conjugal activity. It was observed that, 

the absence of the methylene and substitution of a methoxyl group on the aromatic ring of a 

similar BITC structure resulted in a narrow-range of activity for 4-methoxylphenyl 

isothiocyanate. This finding would be useful for structural modification of the aromatic 

isothiocyanates for improved anti-conjugal activity and specificity. 

AK-17, a new amide isolated from M. lowiana showed specificity in its conjugal inhibitory 

activity. It was active against the plasmid R7K, only. At a sub-inhibitory concentration of 100 

μg/mL, it actively reduced the conjugal transfer of R7K to 16.7 ± 2.0%. Its anti-conjugal 

activity was comparable to the known IncW conjugation inhibitor, linoleic acid. AK-17 had no 

plasmid eliminating activity against the tested plasmids. Unpublished data from our 

laboratory showed that, AK-17 was non-toxic at its anti-conjugal concentration. This makes 

this compound a good candidate for further studies such as identification of its mechanism of 

action and for synthesis of analogues for improved activity. We propose the use of a binding 

assay and spectroscopy to study the affinity between these compounds and the plasmid 

DNA. Radiolabeled conjugation assay and genetic analysis could also be used to identify the 

target site and mechanism of action of the compound. 

BITC, AK-17 and 5-hydroxy-1-(4-hydroxy-3-methoxyphenyl) dodecan-3-one (AK-8) were 

identified to have antibiotic potentiation activity at sub-inhibitory concentrations. They 
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significantly augmented the antibiotic activity of norfloxacin and tetracycline against MDR 

effluxing strains, SA-1199B (NorA) and XU212 (TetK), respectively. However, the exact 

mechanism of antibiotic potentiation was not identified in this study. We therefore 

recommend that further studies be carried out on these compounds and their analogues 

using methods such as intracellular accumulation assay to monitor direct inhibition of the 

substrate transport (Lomovskaya et al., 2001), binding assay to study the affinity between 

these compounds and the efflux pumps (Su and Yu, 2007; Nakashima et al., 2013) or 

computational methods to explore the molecular interactions and conformational changes 

between the compounds and the efflux pump (Trott and Olson, 2010; Durrant and 

McCammon, 2011).     

In conclusion, promising natural product conjugal inhibitors and antibiotic potentiation agents 

were identified in this study. The work presented also shows that inhibition of bacterial 

conjugation and potentiation of antibiotic activity against MDR effluxing strains are rational 

approaches that should be considered in the search for new drugs to combat the spread of 

MDR genes and MDR bacteria.  
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Screening for natural product inhibitors of plasmid transfer and multidrug-efflux. 

The following manuscripts are under preparation from the work reported in this 
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Appendices 

Appendix A: NMR and HRTOFESIMS spectra for AK-5  

Figure A.1 1H NMR spectrum for AK-5, recorded in CD3OD, 500 MHz 
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Figure A.2 DEPT-135 spectrum for AK-5 
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Figure A.3 HMQC spectrum for AK-5 
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IN0          0.00001590 sec

======== CHANNEL f1 ========
NUC1                 1H
P1                13.90 usec
P2                27.80 usec
PL1                2.00 dB
PL1W         6.41881752 W
SFO1        500.1320721 MHz

======== CHANNEL f2 ========
CPDPRG[2        waltz16
NUC2                13C
P3                11.75 usec
PCPD2             70.00 usec
PL2                5.00 dB
PL12              20.50 dB
PL2W        27.88092041 W
PL12W        0.78579110 W
SFO2        125.7702953 MHz

====== GRADIENT CHANNEL =====
GPNAM[1]       SINE.100
GPNAM[2]       SINE.100
GPNAM[3]       SINE.100
GPZ1              50.00 %
GPZ2              30.00 %
GPZ3              40.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  128
SFO1           125.7703 MHz
FIDRES       245.639099 Hz
SW              249.994 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          500.1300103 MHz
WDW                SINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          125.7576002 MHz
WDW                SINE
SSB      0
LB       0 Hz
GB       0

Sample Ref LsFr14-15Pt 3
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Figure A.4 HMBC spectrum for AK-5 
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Current Data Parameters
NAME     ak1-Aug13-2013-3LsFr14-15Pt 3
EXPNO                14
PROCNO                1

F2 - Acquisition Parameters
Date_          20130814
Time               8.38
INSTRUM           av500
PROBHD   5 mm CPQNP 1H/
PULPROG  inv4gplplrndqf
TD                 1024
SOLVENT            MeOD
NS                   16
DS                   16
SWH            3858.025 Hz
FIDRES         3.767602 Hz
AQ            0.1327104 sec
RG                26008
DW              129.600 usec
DE                 6.00 usec
TE                300.0 K
CNST2       145.0000000
D0           0.00000300 sec
D1           1.44511294 sec
D2           0.00344828 sec
D6           0.06500000 sec
D13          0.00000400 sec
D16          0.00020000 sec
IN0          0.00001590 sec

======== CHANNEL f1 ========
NUC1                 1H
P1                13.90 usec
P2                27.80 usec
PL1                2.00 dB
PL1W         6.41881752 W
SFO1        500.1320721 MHz

======== CHANNEL f2 ========
NUC2                13C
P3                11.75 usec
PL2                5.00 dB
PL2W        27.88092041 W
SFO2        125.7702953 MHz

====== GRADIENT CHANNEL =====
GPNAM[1]       SINE.100
GPNAM[2]       SINE.100
GPNAM[3]       SINE.100
GPZ1              50.00 %
GPZ2              30.00 %
GPZ3              40.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  128
SFO1           125.7703 MHz
FIDRES       245.645111 Hz
SW              250.000 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          500.1300047 MHz
WDW                SINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          125.7576173 MHz
WDW                SINE
SSB      0
LB       0 Hz
GB       0

Sample Ref LsFr14-15Pt 3
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Figure A.5 HRTOFESIMS spectrum for AK-5 



 

 

 

 

221 

Appendix B: NMR and HRTOFESIMS spectra for AK-6  

 

Figure A.6 1H NMR spectrum for AK-6, recorded in CD3OD, 500 MHz 
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Current Data Parameters
NAME     ak1-Jul15-2013-3LsFr10Cc5-3
EXPNO                10
PROCNO                1

F2 - Acquisition Parameters
Date_          20130716
Time               9.13
INSTRUM           av500
PROBHD   5 mm CPQNP 1H/
PULPROG            zg30
TD                65536
SOLVENT            MeOD
NS                  128
DS                    2
SWH           10330.578 Hz
FIDRES         0.157632 Hz
AQ            3.1719425 sec
RG                   32
DW               48.400 usec
DE                 6.00 usec
TE                300.0 K
D1           1.00000000 sec
TD0                   1

======== CHANNEL f1 ========
NUC1                 1H
P1                13.90 usec
PL1                2.00 dB
PL1W         6.41881752 W
SFO1        500.1330885 MHz

F2 - Processing parameters
SI                32768
SF          500.1300111 MHz
WDW                  EM
SSB      0
LB                 0.30 Hz
GB       0
PC                 1.00

Sample Ref LsFr10-12Cc5-3
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Figure A.7 DEPT-135 NMR spectrum for AK-6 

405060708090100110120130 ppm

34
.3

7
35

.1
5

56
.5

2

11
4.

55
11

5.
68

11
7.

61

12
3.

08
12

3.
39

12
6.

40

13
0.

69

Current Data Parameters
NAME     ak1-Jul15-2013-3LsFr10Cc5-3
EXPNO                12
PROCNO                1

F2 - Acquisition Parameters
Date_          20130716
Time              14.04
INSTRUM           av500
PROBHD   5 mm CPQNP 1H/
PULPROG         dept135
TD                65536
SOLVENT            MeOD
NS                  256
DS                    4
SWH           30030.029 Hz
FIDRES         0.458222 Hz
AQ            1.0911744 sec
RG                16384
DW               16.650 usec
DE                 6.00 usec
TE                300.0 K
CNST2       145.0000000
D1           2.00000000 sec
D2           0.00344828 sec
D12          0.00002000 sec
TD0                   1

======== CHANNEL f1 ========
NUC1                13C
P1                11.70 usec
P2                23.40 usec
PL1                5.00 dB
PL1W        27.88092041 W
SFO1        125.7703643 MHz

======== CHANNEL f2 ========
CPDPRG[2        waltz16
NUC2                 1H
P3                13.50 usec
P4                27.00 usec
PCPD2             72.70 usec
PL2                1.75 dB
PL12              16.37 dB
PL2W         6.79915619 W
PL12W        0.23466858 W
SFO2        500.1320005 MHz

F2 - Processing parameters
SI                32768
SF          125.7575999 MHz
WDW                  EM
SSB      0
LB                 1.00 Hz
GB       0
PC                 1.40

Sample Ref LsFr10-12Cc5-3
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Figure A.8 HMQC NMR spectrum for AK-6 
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Current Data Parameters
NAME     ak1-Jul15-2013-3LsFr10Cc5-3
EXPNO                13
PROCNO                1

F2 - Acquisition Parameters
Date_          20130716
Time              14.06
INSTRUM           av500
PROBHD   5 mm CPQNP 1H/
PULPROG        inv4gpqf
TD                 1024
SOLVENT            MeOD
NS                   16
DS                   16
SWH            3687.316 Hz
FIDRES         3.600894 Hz
AQ            0.1388544 sec
RG                46341
DW              135.600 usec
DE                 6.00 usec
TE                300.0 K
CNST2       145.0000000
D0           0.00000300 sec
D1           1.34373701 sec
D2           0.00344828 sec
D12          0.00002000 sec
D13          0.00000400 sec
D16          0.00020000 sec
D20          0.00242428 sec
IN0          0.00001590 sec

======== CHANNEL f1 ========
NUC1                 1H
P1                13.90 usec
P2                27.80 usec
PL1                2.00 dB
PL1W         6.41881752 W
SFO1        500.1320062 MHz

======== CHANNEL f2 ========
CPDPRG[2        waltz16
NUC2                13C
P3                11.75 usec
PCPD2             70.00 usec
PL2                5.00 dB
PL12              20.50 dB
PL2W        27.88092041 W
PL12W        0.78579110 W
SFO2        125.7702953 MHz

====== GRADIENT CHANNEL =====
GPNAM[1]       SINE.100
GPNAM[2]       SINE.100
GPNAM[3]       SINE.100
GPZ1              50.00 %
GPZ2              30.00 %
GPZ3              40.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  128
SFO1           125.7703 MHz
FIDRES       245.639099 Hz
SW              249.994 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          500.1300118 MHz
WDW                SINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          125.7576211 MHz
WDW                SINE
SSB      0
LB       0 Hz
GB       0

Sample Ref LsFr10-12Cc5-3
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Figure A.9 HMBC NMR spectrum for AK-6 
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Current Data Parameters
NAME     ak1-Jul15-2013-3LsFr10Cc5-3
EXPNO                14
PROCNO                1

F2 - Acquisition Parameters
Date_          20130716
Time              14.58
INSTRUM           av500
PROBHD   5 mm CPQNP 1H/
PULPROG  inv4gplplrndqf
TD                 1024
SOLVENT            MeOD
NS                   16
DS                   16
SWH            3687.316 Hz
FIDRES         3.600894 Hz
AQ            0.1388544 sec
RG                46341
DW              135.600 usec
DE                 6.00 usec
TE                300.0 K
CNST2       145.0000000
D0           0.00000300 sec
D1           1.43896902 sec
D2           0.00344828 sec
D6           0.06500000 sec
D13          0.00000400 sec
D16          0.00020000 sec
IN0          0.00001590 sec

======== CHANNEL f1 ========
NUC1                 1H
P1                13.90 usec
P2                27.80 usec
PL1                2.00 dB
PL1W         6.41881752 W
SFO1        500.1320062 MHz

======== CHANNEL f2 ========
NUC2                13C
P3                11.75 usec
PL2                5.00 dB
PL2W        27.88092041 W
SFO2        125.7702953 MHz

====== GRADIENT CHANNEL =====
GPNAM[1]       SINE.100
GPNAM[2]       SINE.100
GPNAM[3]       SINE.100
GPZ1              50.00 %
GPZ2              30.00 %
GPZ3              40.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  128
SFO1           125.7703 MHz
FIDRES       245.645111 Hz
SW              250.000 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          500.1300111 MHz
WDW                SINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          125.7576242 MHz
WDW                SINE
SSB      0
LB       0 Hz
GB       0

Sample Ref LsFr10-12Cc5-3
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Figure A.10 HRTOFESIMS spectrum for AK-6 
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Figure A.11 ESI-MS spectrum for AK-6 

X:\Sample Results\...\130722ak1LCQ2075 22/07/2013 14:32:59 4141 ak1 LsFr10-12Cc5-3 MW?

130722ak1LCQ2075 #3-10 RT: 0.05-0.21 AV: 8 NL: 1.87E6
T: + c ESI Full ms [ 80.00-1000.00]
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Appendix C: NMR and HRTOFESIMS spectra for AK-7  

 

Figure A.12 1H NMR spectrum for AK-7, recorded in CD3OD, 500 MHz 
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Current Data Parameters
NAME     ak1-Aug14-2013-7LsFr14-15Pt 5
EXPNO                10
PROCNO                1

F2 - Acquisition Parameters
Date_          20130815
Time               5.52
INSTRUM           av500
PROBHD   5 mm CPQNP 1H/
PULPROG            zg30
TD                65536
SOLVENT            MeOD
NS                   64
DS                    2
SWH           10330.578 Hz
FIDRES         0.157632 Hz
AQ            3.1719425 sec
RG                 28.5
DW               48.400 usec
DE                 6.00 usec
TE                300.0 K
D1           1.00000000 sec
TD0                   1

======== CHANNEL f1 ========
NUC1                 1H
P1                13.90 usec
PL1                2.00 dB
PL1W         6.41881752 W
SFO1        500.1330885 MHz

F2 - Processing parameters
SI                32768
SF          500.1300099 MHz
WDW                  EM
SSB      0
LB                 0.30 Hz
GB       0
PC                 1.00

Sample Ref LsFr14-15Pt 5
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Figure A.13 DEPT-135 NMR spectrum for AK-7 

404550556065707580859095100105110115120125130 ppm

34
.7
3

35
.0
8

11
6.
13

11
8.
22

11
8.
38

12
1.
20

12
2.
45

12
3.
56

13
0.
76

Current Data Parameters
NAME     ak1-Aug14-2013-7LsFr14-15Pt 5
EXPNO                12
PROCNO                1

F2 - Acquisition Parameters
Date_          20130815
Time               7.54
INSTRUM           av500
PROBHD   5 mm CPQNP 1H/
PULPROG         dept135
TD                65536
SOLVENT            MeOD
NS                  256
DS                    4
SWH           30030.029 Hz
FIDRES         0.458222 Hz
AQ            1.0911744 sec
RG                 8192
DW               16.650 usec
DE                 6.00 usec
TE                300.0 K
CNST2       145.0000000
D1           2.00000000 sec
D2           0.00344828 sec
D12          0.00002000 sec
TD0                   1

======== CHANNEL f1 ========
NUC1                13C
P1                11.70 usec
P2                23.40 usec
PL1                5.00 dB
PL1W        27.88092041 W
SFO1        125.7703643 MHz

======== CHANNEL f2 ========
CPDPRG[2        waltz16
NUC2                 1H
P3                13.50 usec
P4                27.00 usec
PCPD2             72.70 usec
PL2                1.75 dB
PL12              16.37 dB
PL2W         6.79915619 W
PL12W        0.23466858 W
SFO2        500.1320005 MHz

F2 - Processing parameters
SI                32768
SF          125.7576005 MHz
WDW                  EM
SSB      0
LB                 1.00 Hz
GB       0
PC                 1.40

Sample Ref LsFr14-15Pt 5
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Figure A.14 HMQC NMR spectrum for AK-7 
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Current Data Parameters
NAME     ak1-Aug14-2013-7LsFr14-15Pt 5
EXPNO                13
PROCNO                1

F2 - Acquisition Parameters
Date_          20130815
Time               7.56
INSTRUM           av500
PROBHD   5 mm CPQNP 1H/
PULPROG        inv4gpqf
TD                 1024
SOLVENT            MeOD
NS                   16
DS                   16
SWH            3753.754 Hz
FIDRES         3.665775 Hz
AQ            0.1363968 sec
RG                46341
DW              133.200 usec
DE                 6.00 usec
TE                300.0 K
CNST2       145.0000000
D0           0.00000300 sec
D1           1.34578502 sec
D2           0.00344828 sec
D12          0.00002000 sec
D13          0.00000400 sec
D16          0.00020000 sec
D20          0.00242428 sec
IN0          0.00001590 sec

======== CHANNEL f1 ========
NUC1                 1H
P1                13.90 usec
P2                27.80 usec
PL1                2.00 dB
PL1W         6.41881752 W
SFO1        500.1320494 MHz

======== CHANNEL f2 ========
CPDPRG[2        waltz16
NUC2                13C
P3                11.75 usec
PCPD2             70.00 usec
PL2                5.00 dB
PL12              20.50 dB
PL2W        27.88092041 W
PL12W        0.78579110 W
SFO2        125.7702953 MHz

====== GRADIENT CHANNEL =====
GPNAM[1]       SINE.100
GPNAM[2]       SINE.100
GPNAM[3]       SINE.100
GPZ1              50.00 %
GPZ2              30.00 %
GPZ3              40.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  128
SFO1           125.7703 MHz
FIDRES       245.639099 Hz
SW              249.994 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          500.1300091 MHz
WDW                SINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          125.7576374 MHz
WDW                SINE
SSB      0
LB       0 Hz
GB       0

Sample Ref LsFr14-15Pt 5
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Figure A.15 HMBC NMR spectrum for AK-7 
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Current Data Parameters
NAME     ak1-Aug14-2013-7LsFr14-15Pt 5
EXPNO                14
PROCNO                1

F2 - Acquisition Parameters
Date_          20130815
Time               8.49
INSTRUM           av500
PROBHD   5 mm CPQNP 1H/
PULPROG  inv4gplplrndqf
TD                 1024
SOLVENT            MeOD
NS                   16
DS                   16
SWH            3753.754 Hz
FIDRES         3.665775 Hz
AQ            0.1363968 sec
RG                46341
DW              133.200 usec
DE                 6.00 usec
TE                300.0 K
CNST2       145.0000000
D0           0.00000300 sec
D1           1.44101703 sec
D2           0.00344828 sec
D6           0.06500000 sec
D13          0.00000400 sec
D16          0.00020000 sec
IN0          0.00001590 sec

======== CHANNEL f1 ========
NUC1                 1H
P1                13.90 usec
P2                27.80 usec
PL1                2.00 dB
PL1W         6.41881752 W
SFO1        500.1320494 MHz

======== CHANNEL f2 ========
NUC2                13C
P3                11.75 usec
PL2                5.00 dB
PL2W        27.88092041 W
SFO2        125.7702953 MHz

====== GRADIENT CHANNEL =====
GPNAM[1]       SINE.100
GPNAM[2]       SINE.100
GPNAM[3]       SINE.100
GPZ1              50.00 %
GPZ2              30.00 %
GPZ3              40.10 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  128
SFO1           125.7703 MHz
FIDRES       245.645111 Hz
SW              250.000 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          500.1299921 MHz
WDW                SINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          125.7576543 MHz
WDW                SINE
SSB      0
LB       0 Hz
GB       0

Sample Ref LsFr14-15Pt 5
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Figure A.16 ESI-MS NMR spectrum for AK-7 

X:\Sample Results\...\130910ak1LCQ2196 11/09/2013 12:31:02 4189 ak1 LsFr14-15Pt5 MW?

130910ak1LCQ2196 #3-8 RT: 0.07-0.23 AV: 6 NL: 1.21E6
T: + c ESI Full ms [ 80.00-2000.00]
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Appendix D: COSY and NOESY spectra for AK-12 

  

Figure A.17 COSY NMR spectrum for AK-12 
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Current Data Parameters
NAME     ak1-03-10-2014-10UtSPE12G
EXPNO                15
PROCNO                1

F2 - Acquisition Parameters
Date_          20141005
Time              20.02
INSTRUM           spect
PROBHD   5 mm PABBO BBO
PULPROG        cosygpqf
TD                 2048
SOLVENT            DMSO
NS                   16
DS                    8
SWH            4280.822 Hz
FIDRES         2.090245 Hz
AQ            0.2392064 sec
RG                  256
DW              116.800 usec
DE                 6.50 usec
TE                300.0 K
D0           0.00000300 sec
D1           1.43896902 sec
D13          0.00000400 sec
D16          0.00010000 sec
IN0          0.00023360 sec

======== CHANNEL f1 ========
NUC1                 1H
P0                10.20 usec
P1                10.20 usec
PL1                3.00 dB
SFO1        400.1321888 MHz

====== GRADIENT CHANNEL =====
GPNAM[1]       SINE.100
GPZ1              10.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  128
SFO1           400.1322 MHz
FIDRES        33.443920 Hz
SW               10.699 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          400.1300029 MHz
WDW                SINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          400.1300029 MHz
WDW                SINE
SSB      0
LB       0 Hz
GB       0

Sample Ref UtSPE12G
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Figure A.18 NOESY NMR spectrum for AK-12 
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NAME     ak1-03-10-2014-10UtSPE12G
EXPNO                16
PROCNO                1

F2 - Acquisition Parameters
Date_          20141005
Time              21.02
INSTRUM           spect
PROBHD   5 mm PABBO BBO
PULPROG         noesyph
TD                 2048
SOLVENT            DMSO
NS                   16
DS                    4
SWH            4280.822 Hz
FIDRES         2.090245 Hz
AQ            0.2392064 sec
RG                  256
DW              116.800 usec
DE                 6.50 usec
TE                300.0 K
D0           0.00010381 sec
D1           2.01105905 sec
D8           0.30000001 sec
IN0          0.00023360 sec

======== CHANNEL f1 ========
NUC1                 1H
P1                10.20 usec
PL1                3.00 dB
SFO1        400.1321888 MHz

F1 - Acquisition parameters
TD                  256
SFO1           400.1322 MHz
FIDRES        16.721960 Hz
SW               10.699 ppm
FnMODE      States-TPPI

F2 - Processing parameters
SI                 1024
SF          400.1300029 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
PC                 1.00

F1 - Processing parameters
SI                 1024
MC2         States-TPPI
SF          400.1300029 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0

Sample Ref UtSPE12G
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Appendix E: COSY and NOESY spectra for AK-13 

 

Figure A.19 COSY NMR spectrum for AK-13 
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Current Data Parameters
NAME     ak1-Oct01-2015-7HPLCCC3(1)
EXPNO                15
PROCNO                1

F2 - Acquisition Parameters
Date_          20151001
Time              21.24
INSTRUM           av500
PROBHD   5 mm CPQNP 1H/
PULPROG        cosygpqf
TD                 2048
SOLVENT            DMSO
NS                    4
DS                    8
SWH            3654.971 Hz
FIDRES         1.784654 Hz
AQ            0.2801664 sec
RG                   57
DW              136.800 usec
DE                 6.50 usec
TE                300.0 K
D0           0.00000300 sec
D1           1.35991597 sec
D13          0.00000400 sec
D16          0.00020000 sec
IN0          0.00027360 sec

======== CHANNEL f1 ========
NUC1                 1H
P0                13.90 usec
P1                13.90 usec
PL1                2.00 dB
PL1W         6.41881752 W
SFO1        500.1321515 MHz

====== GRADIENT CHANNEL =====
GPNAM[1]       SINE.100
GPZ1              10.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  128
SFO1           500.1322 MHz
FIDRES        28.554459 Hz
SW                7.308 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          500.1300052 MHz
WDW                SINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          500.1300052 MHz
WDW                SINE
SSB      0
LB       0 Hz
GB       0

Sample Ref HPLCCC3(1)
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Figure A.20 NOESY NMR spectrum for AK-13 

1.01.52.02.53.03.54.04.55.05.56.06.57.07.5 ppm
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Current Data Parameters
NAME     ak1-Oct01-2015-7HPLCCC3(1)
EXPNO                16
PROCNO                1

F2 - Acquisition Parameters
Date_          20151001
Time              21.39
INSTRUM           av500
PROBHD   5 mm CPQNP 1H/
PULPROG         noesyph
TD                 2048
SOLVENT            DMSO
NS                   16
DS                    4
SWH            3654.971 Hz
FIDRES         1.784654 Hz
AQ            0.2801664 sec
RG                 45.3
DW              136.800 usec
DE                 6.00 usec
TE                300.0 K
D0           0.00011910 sec
D1           1.91930902 sec
D8           0.40000001 sec
IN0          0.00027360 sec

======== CHANNEL f1 ========
NUC1                 1H
P1                13.90 usec
PL1                2.00 dB
PL1W         6.41881752 W
SFO1        500.1321515 MHz

F1 - Acquisition parameters
TD                  256
SFO1           500.1322 MHz
FIDRES        14.277229 Hz
SW                7.308 ppm
FnMODE      States-TPPI

F2 - Processing parameters
SI                 1024
SF          500.1300052 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
PC                 1.00

F1 - Processing parameters
SI                 1024
MC2         States-TPPI
SF          500.1300052 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0

Sample Ref HPLCCC3(1)
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Appendix F: COSY and NOESY spectra for AK-14 

 

Figure A.21 COSY NMR spectrum for AK-14 

1.01.52.02.53.03.54.04.55.05.56.06.57.07.5 ppm

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

ppm
Current Data Parameters
NAME     ak1-Mar12-2015-23UtCc151R
EXPNO                15
PROCNO                1

F2 - Acquisition Parameters
Date_          20150313
Time               2.06
INSTRUM           av500
PROBHD   5 mm CPQNP 1H/
PULPROG        cosygpqf
TD                 2048
SOLVENT            MeOD
NS                    4
DS                    8
SWH            3858.025 Hz
FIDRES         1.883801 Hz
AQ            0.2654208 sec
RG                 90.5
DW              129.600 usec
DE                 6.50 usec
TE                300.0 K
D0           0.00000300 sec
D1           1.37629998 sec
D13          0.00000400 sec
D16          0.00020000 sec
IN0          0.00025920 sec

======== CHANNEL f1 ========
NUC1                 1H
P0                13.90 usec
P1                13.90 usec
PL1                2.00 dB
PL1W         6.41881752 W
SFO1        500.1320992 MHz

====== GRADIENT CHANNEL =====
GPNAM[1]       SINE.100
GPZ1              10.00 %
P16             1000.00 usec

F1 - Acquisition parameters
TD                  128
SFO1           500.1321 MHz
FIDRES        30.140818 Hz
SW                7.714 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          500.1300118 MHz
WDW                SINE
SSB      0
LB       0 Hz
GB       0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          500.1300118 MHz
WDW                SINE
SSB      0
LB       0 Hz
GB       0

Sample Ref UtCc151R
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Figure A.22 NOESY NMR spectrum for AK-14 

1.01.52.02.53.03.54.04.55.05.56.06.57.07.5 ppm
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Current Data Parameters
NAME     ak1-Mar12-2015-23UtCc151R
EXPNO                16
PROCNO                1

F2 - Acquisition Parameters
Date_          20150313
Time               2.22
INSTRUM           av500
PROBHD   5 mm CPQNP 1H/
PULPROG         noesyph
TD                 2048
SOLVENT            MeOD
NS                   16
DS                    4
SWH            3858.025 Hz
FIDRES         1.883801 Hz
AQ            0.2654208 sec
RG                 45.3
DW              129.600 usec
DE                 6.00 usec
TE                300.0 K
D0           0.00011190 sec
D1           1.93569195 sec
D8           0.40000001 sec
IN0          0.00025920 sec

======== CHANNEL f1 ========
NUC1                 1H
P1                13.90 usec
PL1                2.00 dB
PL1W         6.41881752 W
SFO1        500.1320992 MHz

F1 - Acquisition parameters
TD                  256
SFO1           500.1321 MHz
FIDRES        15.070409 Hz
SW                7.714 ppm
FnMODE      States-TPPI

F2 - Processing parameters
SI                 1024
SF          500.1300118 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0
PC                 1.00

F1 - Processing parameters
SI                 1024
MC2         States-TPPI
SF          500.1300118 MHz
WDW               QSINE
SSB                   2
LB       0 Hz
GB       0

Sample Ref UtCc151R
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Appendix G: MS spectra for the isolated compounds 

 

Figure A.23 HRTOFESIMS spectrum for AK-1 

[M+H]+ isotope model

[M+H]+ actual mass
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Figure A.24 HRTOFESIMS spectrum for AK-2 
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Figure A.25 ESI-MS spectrum for AK-8 

X:\Sample Results\...\140411ak1LCQ760 11/04/2014 17:44:22 4643 ak1 GSHPE4 MW?

140411ak1LCQ760 #2-11 RT: 0.03-0.18 AV: 10 NL: 5.86E4
T: - c ESI Full ms [ 50.00-1000.00]
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Figure A.26 HRTOFESIMS spectrum for AK-9 
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Figure A.27 HRTOFESIMS spectrum for AK-10 

[M+H]+ isotope model

[M+H]+ actual mass
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Figure A.28 ESI-MS spectrum for AK-11 

E:\lcq\140904ak1LCQ1129 04/09/2014 16:26:33 4875 ak1 utspe8 mw ?

140904ak1LCQ1129 #1-9 RT: 0.01-0.14 AV: 9 NL: 2.11E7

T: + c ESI Full ms [ 50.00-1000.00]
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Figure A.29 ESI-MS spectrum for AK-12 

C:\Users\...\151106\151106ak1LCQ3359 06/11/2015 17:35:13 5536 ak1utspe12g mw?

151106ak1LCQ3359 #3-10 RT: 0.08-0.27 AV: 8 NL: 6.30E6
T: + c ESI Full ms [ 80.00-2000.00]
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Figure A.30 HRTOFESIMS spectrum for AK-13 
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Figure A.31 HRTOFESIMS spectrum for AK-15 
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Figure A.32 HRTOFESIMS spectrum for AK-16 
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Figure A.33 HRTOFESIMS spectrum for AK-17 
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Figure A.34 ESI-MS spectrum for AK-18 
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T: - c ESI Full ms [ 80.00-2000.00]
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